AD"A244  137 


FIFTH 

INTERNATIONAL  CONFERENCE 
ON 


LANGMUIR-BLODGETT 

FILMS 


Thj<?  aocument  has  boea  approved 
for  public  release  and  sole;  iia 
dtstiibution  is  unlimited 


August  26-30 ,1991 
Cit6  des  Sciences  et  de  lindustrie 
PARiS 
FRANCE 


Abstracts  Booklet 


91-19388 


»1  1230  124 


DISCIAINII  NOTICE 


THIS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE  COPY 
FURNISHED  TO  DTIC  CONTAINED 
A  SIGNIFICANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


ORGANIZATION 


Conference  Chairman 

Andre  BARRAUD 

Service  de  Chimie  Mol^culaire ;  Bat.  125 
CEN  Saclay 

91191  Gif  sur  Yvette  Cedex  ,  France 


International  Committee 


Andre  BARRAUD  France 

Kiyoshige  FUKUDA  Japan 

Roger  LEBLANC  C^ada 

Helmuth  MOHWALD  F.R.G. 

Dietmar  MOBIUS  F.R.G. 

Gareth  ROBERTS  U.K. 

Jacob  SAGFV  Israel 

Michio  SUGI  Japan 

Jerome  SWALEN  U.S.A. 


Program  Committee 

Andre  BARRAUD  France 

Pierre  DELHAES  France 

Dietmar  MOBIUS  F.R.G. 

Serge  PALACIN  France 

Gareth  ROBERTS  U.K. 


Organizing  Committee 

Annie  RUAUDEL-TEIXIER,  chaiman 
Service  de  Chimie  Mol6culaire ;  BSt.  125 
CEN  Saclay 

91191  Gif  sur  Yvette  Cedex  .  France 


La  Conference  Internationale  sur  les  Films  de  Langmuir-Blodgett  est  placee  sous  le 
haut  patronage 

de  la  ville  de  Paris 

de  la  Societe  Frangaise  de  Chiinie 


The  Organizing  Committee  thanks 

Commissariat  i  I'Energie  Atomique 
(Service  de  Chimie  Mol6cuIaire) 


Commission  des  Communaut^s  Europ6ennes 

(Direction  Generale  de  la  Science,  de  la  Recherche  et  du  Developpement) 


Centre  National  de  la  Recherche  Scientifique 
(Direction  de  la  Chimie) 

Dele  gation  Generale  a  TArmement 
(Direction  dcs  Recherches  et  Etudes  Techniques) 


Department  of  the  US  Army 
(European  Research  Office) 

Ministere  de  la  Recherche  et  de  la  Technologie 

Secretariat  General  de  la  Defense  Nationale 
(Direction  Scientifique  et  des  Transfeits  Sensibles) 

Societe  Frangaise  de  Chimie 

Rhone  Poulenc  Recherche 

L'Oreal 


COREQ 

PEKLY 


for  financially  supporting  LBS 


The  5th  International  Conference  on 
Langmuir-Blodgett  Films 

Sunday,  August  25  -  Friday,  August  30, 1991 
Paris  (France) 

Prclimilxary  Program 

Registration  ( 1 6.00-20.00)  Get-together  party  (18 .00-20.CX)) 


Oral  Presentations 


Monday,  August  26  ” 


OA  (8.45; 

Opening  address 
A.  Sanaa? 

AI  (9.00)  Invited 

Molecular  information  processing  and  nx)lecular 
electronic  devices 
J.  De  Rosnav 

AOl  (9.45) 

The  LB  dqtosition  as  a  voUoid  stability  problem 

J. G.  Petrov 

r . . . lO.'irCT^i^'a^  . . . . "1 

A02  (10.45) 

Surface  potentials  of  LB  alternating  layer 
structures 

R. H.  Tredyold.  P.  Hodge,  Z.  Ali-Adib,  D.  Dunne.  S.D. 
Evans 

A03  (11.05) 

How  and  orientation  of  lod-like  macromolecules 
in  the  LB-process 

S.  Schwicgk,  T.  Vahlenkanm.  Y.  Xu,  G.  W^ner 

A04  (11.25) 

Structural  changes  in  lipid-mcmolayer  during  the 
LB  transfer  due  to  substrate-layer  interactions 

K.  Spratie,  RRijigler 

AOS  (11.45) 

Aspects  of  LB  trough  design:  conqMiteiization, 
suiface  pre«''ure  measurement,  unevenness  ot 
motion,  ger.  rted  vibrations 
GJt.  Ivanov.  K.G.  Kostadinov,  A.G.  Petrov 


12.05  Lunch 

14.00  Poster  Session 

BI  (15.15)  Invited 

Supramolecular  engineering  based  on  self¬ 
assembling  monolayers  and  bilayers 
ILRucuakc 

BOl  (16.00) 

Photoelectric  properties  of  domain  arrays  in 
porphyrin  LB  films 

M.  Yonevama.  A.  Fuju,  S.  Maeda,  T.  Murayama 

B02  (16.20) 

Multilayer  phase  transition  of  a  liquid-crystal  film 
on  an  air/water  interface 
J.Z.  Xue.  M.W.  Kim 

i  ”  16.40  Coffee  Break  I 

B03  (17.10) 

Investigation  of  fatty  acid  monolayers  at  the 
airAvater  interface  using  a  reflectance-measuring 
technique  and  a  phase-contrast  microscope 

X  Tal^n^rna  A.  Masiiit-  K.  Mukrja 

B04  (17.40) 

Fusirni  of  phospholipid  ves.'clcs  with  Langmuir 
lipid  monolayer 
2£_Sili.  SP.  Wang 

BOS  (18.00) 

Charge-transfer  complex  formation  in 
monckyen  at  the  ah/watcr  intciface 
ILC.  Ahuia.  M.  Mttsumolo.  D.  MCtvus 

BOS  (18.20) 

Reflectometry  under  the  Brewster  angle  as  a  tool 
to  detomine  film  diickness,  headgroup  influence 
and  macroscc^ic  inhmnogeneities  of  monolayers 
at  the  airMater  interface 
J2Jiaaig.  D.  Mt^ius 


B07  (18.40) 

Water  permeation  through  two-component 
monolayers  of  polymerized  surfactants  and 
octadscanol 

CJ.  Dnimmond.  P.  Elliou,  D.N.  Furlong,  G.T.  Barnes 


Di  (15.30)  Invited 

New  trends  and  prospects  in  conducting  LB 
films 


Cl  (8.30)  Invited 

Spectral  hole-burning  in  LB  films 

M.  OrriL  J.  Bonard,  H.  Talon,  A.  Mouhsen 


COl  (9.15) 

Efficient  rectified  photocurrent  from  purple 
membrane  LB  films  at  the  electrode-aqueous 
electrolyte  interface 
Tc  Miyaiiaka  K.  Koyama 

C02  (9.35) 

Energy  and  electron  transfer  in  LB  films  of 
cofacii  poiphyrins-phthalocyanins  hetero  dimers 
:  a  time-resolved  study 

J.F.  Lipskier.  T.H.  Tran  Thi,  S.  Palacin,  S.  Gaqtard.  D. 
Ffjude,  C.  Pepin 

C03  (9.55) 

Guided-wave  frequency-doubling  in  LB  film 
waveguides 

C.  Bosshard.  M.  KUpfer,  M.  FU^sheimer,  P.  GQnter 


DOl  (16.15) 

New  developments  in  the  LB  manipulation  of 
electroactive  polymers 

J.H.  Cheung,  E.  Punkka,  M.  Riloikawa.  R.B.  Rosnnr, 
A.T.  Royigtpa,  Mf.  Rubner 


D02  (17.05) 

The  homodoping  strategy  towards  LB 
conducting  films:  mixture  of  amphiphilic 
octadecyl  TCNQ  with  various  semi-amphiphilic 
TWQ  salts 

J.P.  Bourgoin.  A.  Ruaudel-Teixier,  M.  Vandevyver,  M. 
Roulliay,  A.  Barraud,  M.  Lequan,  R.M.  Lequan 

D03  (17.25) 

Electron  transport  across  organic  quantum  wells: 
new  results  on  amphiphilic  phthalocyanines 
KJ,  E>onovan.  K.  Scott,  R.V.  Sudiwala,  E.G.,  Wilson, 
R.  Bonnett,  R  j.  Wilkins.  D.A.  Batzel,  MJE.  Kenney, 

Parndiw 

D04  (17.45) 

Electrical  properties  of  LB  films  of  a  Ni(dmit)2 

charge-transfer  complex 

C.  Pearson.  A.S.  Dhindsa,  MJt.  Bryce,  M.C.  Petty 


C04  (10.45) 

Hie  photoinduced  transformation  of  nonlinear 
optic^  properties  in  organic  monolayers 
O.A.  Aktsipetrov.  A.V..  Maximychev,  E.D.,  Mishina, 
T.V.  Munina,  A.V.  Petukhov 

COS  (11.15) 

Optic^  bistability  in  the  optical  waveguides 
coated  widi  nonlinear  LB  films 
YJ.  Li.  J.Q.  Fan.  Y.  Fan.  A.D.  Lu,  X.M.  Pang,  D.P. 
Jiang,  G.H.  Gin,  L.  Zhang.  H.  Wang.  Y.L.  Song 

C06  (11.35) 

Photochemical  modulation  of  second  order 
nmilinear  optical  {Ht^joties  of  alternate  LB  films 
cmitaining  Ru(n)-tMpyridine  con^lexes 
T  Nafaimria.  H.  Sakaguchi,  T.  Matsuo 

C07  (11.55) 

Second-order  nonlinear  optical  l.B  films  of 
pyrazine  ^rivatives 

M.Era.  H.  Kawafuji,  T.  Tsutsui,  S.  Saiio,  Ka.  Takehara, 
Ke.  Takehara,  K.  Isomura,  R  Tanigochi 


005(18.05) 

Conducting  LB  films  of  binary  mixtures  of 
donor  and  acceptor  molecules 
S.V.  Ayrapetiants,  T.S.  Berzina,  S.A.  Shikin,  V.I. 
Tfoilskv 


Fl(8.30) /nviied 

Possible  applicatkHis  for  LB  films 

HCPcilY 


FOl  (9.15) 

LB  films  based  chemical  sensors  using  second- 
harmonic  generaticHi 
S.  Draxler.  M.E.  Lippitsch 

F02  (9.35) 

Pyroelectric  organo-ruthenium  LB  films 
M.W.  Poulter.  G.G.  Roberts,  J.  Costello,  S.G.  Davies 


F03  (9.55) 

Non-linear  optics:  the  strongest  second  harmonic 
intensity  so  lar  from  a  mulfUayered  LB  film 
structure 
GJ..Ashafsll 

I  "  l(i.l5(!^offec6reak  I 

F04  (10.45) 

Conducting  polymer  LB  film:=i.  Applicadtms  to 
bioelectrmiics 

T.A.  Skotheim.  L.  Bogu:.  'sVy.  P.D.  Hale.  H.S.  Lee. 
X.Q.  Yang.  Y.  CHcamoio 

F05  (11.05) 

LB  conducting  films  of  TCNQ  and  BEDT-TTF 
deri’'atives  applied  to  gas  sensing:  detecdon 
ranges  and  gas  diffusion 

S.  Clemendot.  JP.  Bourgoin,  G.  Oerost,  M.  Vandevyver, 
A.  Ruaudel-Teixier,  A.  Barraud 

F06  (11.35) 

Metal  ion  sensor  based  on 
dioctadecyldithiocarbamat-metal  complex 
induced  energy  transfer 
W.  Budach.  R.C.  Ahuja.  D.  MObius 


E02  (17.35) 

Homo-epitaxy  of  diacetylene  vapor  deposition 
film  on  an  oriented  Langmuir  rntmolayer 
Y.  Tomioka.  S.  Imazeki 

x03  (17.55) 

Polymerization  of  2-alkyl  anilines  on  the  LB 
trough:  real  time  investigation  of  the 
polymerization  of  a  conducting  polymer  ccwifined 
to  two  dimensions 
KS.  Diaan.  RC.  Zhou 

E04  (18.15) 

Deep-UV  photochemistry  of  chemisorbed 
monolayers:  fabrication  of  patterned  co-planar 
molecular  assemblies 

J>f  G||vftn  J.M.  Schnur.  PP.  Schoen,  M.C.  Peckerar. 
M.S  Chen.  WJ.  Diessick,  C.S.  Duicey,  J.H.  Georger  Jr 


GI  (8.30)  Invited 

Recent  developments  in  surface  analysis  of 
synthesized  molecular  overlayers 
A  BcnninghgYcn 


F07  (11.55) 

fhe  effect  of  the  external  DC  electric  field  on 
pyiDclectric  response  of  azocompound-based  LB 
films 

V.V.  Lazarev,  N.N.  Davydova,  V.A.  Hkavrichev,  SP. 
Palto,  S.G,  Yudin 
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i4.(X)  Poster  Session 
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F08  (15.30) 

Separation  of  toxic  and  acid  gases  fi^om  methane 
in  LB  films 

P.  Stroeve.  PJ.;  Bruinsma,  C.  Sturesson,  R.  Koran, 
GJP.  Spooner,  L3.  Co»  *ian 

El  (15.50) /nvired 

Electrochemical  studi  of  self-assembled 
mondayers 

M.S.  Wnghton.  1.  Friisch-Faules,  E.  WoIIman,  D. 
Fiifoie 

\ .  "16.35  Coffee  -  ] 

EOl  (17.05) 

Electrochemistiy  at  the  airAvater  intofaoe.  LMer^ 
diffusion  and  phase  transitions  in  Langmuir 
monolayers  d  octadecyl  fenocene  ami^friiiles 
D.H.  Chaiydi,  M.Maida 


GOl  (9.15) 

Spectroscopic  properties  of  trichromophoric 
molecules  inco?^rat«}  in  LB  films 
D.  MeerschauL  M.  Van  da  ^  uweraer.  W  Kools,F.C.  De 
Setayver 

G02  (9.35) 

LB  mono  and  multilayers  of  polyfisocyanidels 
with  diffoent  sidechains 

M.N.  Teerenstra.  E.J.  Voremkamp,  A.J.  Schouten, 
R  J.M.  Nolle 

G03  (9.55) 

Langmuir-Blodgett-Kuhn  multilayer  assemblies 
of  liquid-crystalUne-azo-dye-skiechain  polymers 
M.  Sawodny.  A.  Schmidt,  R.  Reiter,  C.  Urban,  H. 
Rings(lo(f,W.KiioU 

I  lO.l^^joffeefeieak  "1 

GO^  (10.45) 

Creation  snd  stru«nural  comparison  of  ultrathin 
filia  assmnblies:  transfened  freely-suspended 
films  and  LB  films  liquid  oystals 
G.Dedier.  1.  Mactaman,  J.  Reibel,  U.  Sohling 

GOS  (11.15) 

Inelastic  electron  tunneling  spectroscopy 
investigatiem  of  monolayers  and  films  of  fatty 
acids  a^  chloroiAyll  a 
S.Gauvin.R.M.  Leblanc 


G06  (11.35) 

Electron  spin  resonance  in  LB  Elms  of  a 
merocyanine  dye  and  its  isotope-substituted 
analogs 

S.  Kuroda.  K.  Ikegami,  Y.,  Tabe,  K.  Saito,  Mi.  Saito,  M. 
Sugi,  S.  Yasui 

G07  (11.55) 

Defect  annealing  rate  in  monolayers  displaying  a 
smectic-L  phase 
A^.  Bibo.  I-R.  ?werson 


H08  (17.55) 

Hie  structure  of  phospholipid  monolayers  at 
water  surfaces  at  molecular  resolution:  a  neutron 
reflectivity  study 

D.  Vaknin,  K.  Kjaer,  J.  Als-Nielsen,  M.  Lflsche 
20.(X)  Ctonference  Banquet 
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li.l5  Lunch 


HI  (14.(X))  Invited 

Atomic  scale  probes  and  their  applicaticHis  to 
organic  molecules 

G.  Binnig 

HOI  (14.45) 

Nonlinear  optical  techniques  to  probe  molecular 
ordering  at  liquid  interfaces 
V.  Vogel.  R.  Superfine.  C.S.  Mullin,  X.D.  Xiao.  Y.R. 
Shen.  M.W.  Kim 

H02  (15.15) 

Characterization  of  LB  monolayers  using 
polarization  modulated  FUR  spectroscopy 
D.  Blai'd^’z.  T.  Buffeieau.  B.  Uesbat,  M.  Orrit,  J.M. 
Turiei 

H03  (15.35) 

Structural  investigations  of  donor-acceptor- 
subsdtuted  polyenes 

T.  Wagner.  S..  Hagen.  S.  Roth.  S.  Akari.  K.  Dransfeld 
H04  (15.55) 

Parallel  anangment  of  fatty  acid  molecules  in  the 
film  deposited  at  a  lower  surface  pressure 

H.  Matsuda.  E.  Kishi.  R.  Kuroda.  O.  Albrecht.  K. 
Eguchi,  K.  Hatanjdca.  T.  Nakagiri 

I  16.15  Coifee  Break 

HOS  (16.45) 

Molecular  rearrangments  associated  with  the 
intenctkms  oi  monolayers  and  bilayets 
C.A.  Helm.  YL.  Chen.  J.  Israelachvili 

H06  (17.15) 

Direct  observation  of  molecular  structure  and 
dynamics  in  self-assembled  organic  monolayers 
JP.RAe.  S  B jchholz 

H07  (17.35) 

Scann^  probe  microscopy  of  thin  organic  films 
H.  Fuchs.  L.  Eng,  W.  Schr^ 


n  (8.30)  Invited 

Tiling  the  plane  with  proteins 

ILIUm 

101  (9.15) 

Ion  channel  transduction  in  LB  lipid  membranes 
TL.  Fare.  D.A.  Sienger.  D.H.  Cribbs.  K.M.  Rusin,  P.P. 
Bey  Jr.  C  G.  Silvestre ,  C.A.  Palmer 

102  (9.35) 

Oriented  layer  tmto  LB  films  of  protein  A 
l.V.  Tuiko.  I.S.  Yurkevich.  VL.  Chashchin 

103  (9.55) 

Later^  l^ottMi  conduction  along  lipid  monolayers 
^read  at  the  air/water  interface 
J.  Teissi^.  M.  Prats,  B.  Gabriel 

104  (10.15) 

Co-planar  patterns  of  self-assembled  monolayers 
for  selective  cell  adhesion  and  outgrowth 
JJi.  Georyer  Jr.  C.S.  Dulcey,  D.A  Sienger,  TL.  Fare 

r  '  '  10.35  Coffee  Break . . .  I 

JOl  (11.05) 

Molecular  engineering  at  the  air/water  interface: 
building  up  designed  super  molecular  assemblies 
witi)  anapltiiMic  porph^^ns 
F.Poiteu.  S.  Palacin,  A.  Ruaudel-Teixier,  A.  Bairaud 

302(11.35) 

Self-assembly  of  avidin-biotin  monolayers  and 
multilayers 

R  Mnr^  D.M.  Taylor,  CD'Silva 
303(11.55) 

Selective  substrate  binding  to  guanidinium  and 
urea  functionalized  monolayers 
p  t.  Kawdiara.  Y.  Ikeura,  K.  Kurihtfa,  T. 

Kviutake 


r— 

12.15  Lunch 
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14.00  Poster  Session 

JI  (15.15)  Invited 

Supramolecular  chemistry:  from  molecular 
recognition  towards  molecular  devices  and  self- 
organizaticm 

J.M.  Lehn 

J04  (16.00) 

Molecular  recognition  in  mono  and  multilayers: 
biotin-streptavidin  systems  and  analogs 
M.  Hoffmann,  W.  Mailer.  H.  Ringsdorf,  E.  Rump 


JOS  (16.20) 

Photochromism  of  spiropyran  on  supermolecuiar 
assemblies 

S.  Xian.  Z.  Lu.  R.  Zhu.  Y.  Wei 

CA  (16.40) 

Closing  ad^ss 

H.Kuhn 


Poster  presentations 


Session  A 
ilm  fabrication  :  instrumentTan? 


monolayer  transfer 


API 

An  approach  to  improving  the  homogeneity  of 
polymer  monolayers 

J. B.  Peng.  G.T.  Bames,  A.  Schuster,  H.  Ringsdorf 
AP2 

/.  novel  alternating-layer  trough 
LS*-Millct.PJ.:  Stone 

AP3 

Molecular  orientations  of  substituted 
phthalocyanato-polysiloxanes  in  LB  film 

K.  Yase.  S.  Schwiegk,  G.  Liescr,  G.  Wegner 

AP4 

Synthesis  of  polysiloxane  films  with  various 
microstructures  in  matrices  of  synthetic  bilayer 
membranes 
IC.  .Sakata.  T.  Kunitake 

APS 

Orientation  of  polyimidc  LB  films  in  plane 
direction 

M.  Kakimoio.  Y.  Nishikata,  K.  Komatsu,  Y.  Imai 
AP6 

Theoiy  of  flow  orientaticHi  effects  in  LB  films 
M.  Sup.  Y.  Tabe,  K.  Dcegami,  S.  Kuroda,  K.  Saiio,  M. 
Saito 

AP7 

A  new,  non-destructive,  simple  and  fast  method 
to  visualize  submicion  defects  in  Lb  films 
O.AlbfcchL  H.  Matsuda,  K.  Eguchi,  T.  Nakagiri 

APS 

()uasi  two-dimensional  order  in  LB  films 
O.  Albrecht  H.  Matsuda,  K.  Eguchi,  T.  Nakagiri 


AP9 

Monolayer  stability  and  multilayer  formation  of 
insoluble  monolayers  of  ionizing  materials 

R.  Aveyard,  B.P.  Binks,  P.D.I.  Fietchtir 

APIO 

Mono  and  multilayers  made  from  discotic  liquid 
crystals 

L.  HaflfiUng,  O.  Kanhaus.  C.  Mertesdorf,  T.  Plesnivy,  H.. 
Ringsdorf,  C.  Uri»n 

APll 

Optimizing  LB-multilayer  films  of  2- 
docosylamino-5-nitropyridine  for  potential 
applications  in  ncm-linear  and  integrated  optics 
G.  Decher.  F.  Klinkhammer 

AP12 

Interactions  between  monolayers  and  metal  ions 
at  the  air/water  interface.  Conditions  for  the 
transferalnlity  as  LB  multilayers 

S.  Beuarini,  F.  Bonosi,  G.  Gabrielli.  G.  Martini,  M. 
Puggelli 

AP13 

Interactimi  between  Langmuir  monolayers  and 
hydn^iilic  solid  substrates 

M.  Engel,  iLBifiglff 

AP14 

Preparation  and  molecular  ccMiformation  in  LB 
films  from  fluorescently  amine  labeled  diacyl 
phot^riiaddyledumolamines 

gJUlYMOY 

APIS 

The  equipment  for  preparations  of  polar  and 
heterogeneous  LB  films 

S.G.  Yudin.  S.P.  Palto,  V.A.  Khavrichev,  S.V. 
Mironenko,  M.I.  Bamik 


AP16 

Transfer  ratio  in  LB  films:  role  of  surface  charge 
regulation 

A.A.  Servida.  H.T.  Davis,  L.E.  Scriven 


I  Session  B 

Monolayers  at  liquid>gas  interface 

BPl 

X-Ray  diffraction  of  diacetylene  monolayers  <» 
LiOWwato’  substrates 
KM.  Robinson.  J.  Adin  Mann  Jr 

BP2 

Modelling  the  surface  potential-area  dependence 

of  a  stearic  acid  mcMiolayer 

QJj.  Oliveira  Jr.  D.M.  Taylor,  H.  Morgan 

BP3 

The  "time  of  observation"  of  7t-A  isotherms  HI. 
Studies  on  the  morphology  of  arachidic  acid 
monolayers  observed  by  transmission  electron 
microscopy  of  replica  samples  of  one-layer  LB 
films 

T-  Kain  Ta.  Tanaka,  K.  Iriyama,  T.  Araki 

BP4 

Surface  modes  on  polymer  solution  by  surface 
light  scattering  techniques 
B.H.Cao.M.W.  Kim 

BPS 

Detection  of  the  optical  molecular  switching  in 
monolayers  by  the  displacement  current 
measurement 
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One  of  the  most  promising  aivas  of  molecular  information  processing  results  from 
the  convergence  of  microelectronics,  solid  state  physics,  and  molecular  biology.  Tnis  hybrid 
technology  is  leading  to  the  development  of  molecular  electron  devices  (MED).  Technological 
breakthroughs  in  this  area  are  opening  the  way  to  the  development  of  "chemical  computers".  Such 
long  term  applications  were  discussed  during  several  meeting  and  workshops  in  the  past  years. 
Molecular  electron  devices  could  represent  a  significant  breakthrough  for  computers  in  the  next  30 
years.  From  the  tube  era  (40s  to  60s),  to  the  transistor  era  (60s  to  80s),  we  are  now  entering  into 
the  molecular  electron  devices  era  (80s  to  2000  and  beyond).  The  challenge  is  enormous.  We  need 
to  start  fir  n  scratch  and  reinvent  all  the  ctxnponents  of  present  day  microelectronics. 

First,  engineers  have  to  work  on  a  switch,  able  to  shift  information  in  one  stage  or 
another.  By  interrogating  this  component,  one  should  be  able  to  find  out  in  which  stage  the  switch 
is.  The  development  of  a  molecular  switch  will  be  equivalent  to  the  discovery  of  the  transistor. 

The  second  major  achievement  will  be  the  building  of  a  true  memory  with  different 
switches,  that  is,  an  array  of  molecules  which  could  undergo  reversible  alterations,  and  therefore 
can  be  reused. 


The  third  major  step  is  to  construct  molecular  wires,  able  to  transport  information 
through  distances  ,  like  conjugated  chains  of  carbon  atoms  on  which  solitons  move  rapidly  in 
order  to  connect  switches  and  memcHies . 

The  fourth  step  will  be  represented  by  the  assembly  of  switches,  memories  and 
wires  in  three-dimensional  structures  or  arrays,  organized  in  assemblies  of  modules  at  several 
levels  of  communication  and  interconnections,  able  to  perform  coordinated  functions. 

This  is  where  one  of  the  major  breakthroughs  of  the  new  molecular  engineering 
techniques  will  come  into  play :  from  the  properties  of  atoms  and  molecules,  the  system  will  self- 
assemble  in  highly  organir^  structures,  putting  atoms,  molecules,  and  macroirx>lecules  into  place, 
in  order  to  perform  dedicated  functions.  At  this  step,  immunology  techniques  could  be  used  to  fit 
molecules  at  predetermined  spots,  or  to  depont  heavy  metals  whuh  could  be  used  as  ccmductors  at 
other  levels  of  ccanmunications. 

Finally,  the  system  should  be  reparable.  Modules  which  do  not  perform  correctly 
will  have  to  be  detected,  corrections  made,  and  stMoetimes  a  device  replaced.  These  types  of  self¬ 
repairing  automata  already  exist  in  biological  systems.  We  begin  to  understand  how  they  function 
at  the  molecular  level,  and  how  they  self-assemble.  Other  supramolecular  assemblies,  like  the 
quantosome,  the  photosome,  the  oxysome  are  small  self-contained  factories  which  perform 
important  functions  for  the  cell.  These  minute  devices  are  packed  with  an  enormous  amount  of 
molecules  and  information.  We  are  slowly  starting  to  understand  their  structures,  and  able  for  the 
first  time  to  copy  them.  But  we  still  have  to  learn  more  from  nature's  design,  understand  how 
nature  operates,  and  then  translate  what  we  have  learnt  into  the  new  micromachines. 


In  order  to  make  ultraniicrocircuits,  several  laboratories  are  trying  to  synthesize 
proteins  which  do  not  exist  in  nature.  Such  syndeses  are  feasible  using  present  day  genetic 
engineering  techniques,  automatic  gene  and  protein  synthesis,  and  computer  reproductions  of  the 
bi  and  tridi^nsional  structures  of  amino  acid  sequences.  It  is  likely  that  firom  dds  research  a  large 
variety  of  molecular  electronic  devices  and  ultramicrocircuits  could  be  conceived  and 
manufactured.  They  could  be  rendered  bioctmqpatible,  thus  allowing  the  production  implantable 
logic  circuits,  offering  the  prospect  of  direct  interface  between  the  central  nervous  system  of 
animals  or  human  beings  and  coi^ters;  Such  biocompatible  circuits  are  now  being  itrplanted  and 
^ted  in  the  brains  oi  rats.  Other  ^plications  of  diese  ultramicrociiciiits  could  be  the  i^uctitm  of 
prostheses  fenr  the  blind,  different  transducers,  or  solar  energy  convertors  on  sedt  plastic  idieets. 

The  producdcMt  and  assonbly  of  these  molecular  circuits  can  be  considered  from  two 
different  approaches  :  a  "passive"  one  (successive  deposititms,  etching,  gifting,  doping)  using 
technologies  close  to  those  presoitly  used  in  die  manufacturing  of  mioocircuits ;  or  an  "active"  one 
resulting  from  the  ^Kmtaneous  "growth"  of  die  nxdecular  circuit  In  fact,  automatic  machines  used 
today  for  synthesizing  and  analyzing  genes  and  proteins,  offer  new  models  which  may  incite  the 
automation  of  the  successive  operatimis  of  molecular  circuit  production  :  growth  of  polymers, 
successive  washing,  reactions  with  other  active  groups,  bloclang,  and  reactivation  of  chemical 
groups. 


However,  at  the  level  where  the  presence  <x  absence  of  a  single  chemical  link  can 
affect  the  performance  of  an  entire  circuit,  it  is  virtually  impossible  to  construct  and  assemble 
circuits  with  traditional  macroscopic  control  techniques.  It  becomes  necessary  to  use  auto- 
assembly  properties  of  biological  macromolecules,  ol»erved  for  instance  in  Lan^uir-Blodgen 
films  or  during  the  auto-organization  of  viruses  or  predissociated  cellular  organelles.  In  other 
words,  instead  of  introducing  the  information  from  the  outside,  as  we  do  today  with  most  of  our 
machinery  (drill  press,  lathe,  or  even  car  construction  robots),  we  will  use  information  from  the 
biqrolymers  themselves.  Such  information  stored  in  die  primary  sequences  of  amino  acids,  allows 
the  three  dimensiwial  information  stored  in  the  primary  sequences  of  amino  acids,  allows  the  three 
dimensional  folding  of  a  protein.  It  is  thus  possible  to  benefit  from  the  pre^rties  of  biological 
maaomolecules  to  assonble  three  dimension^  molecular  ultramicrocircuits. 

Many  questions  still  remain  unanswered :  will  these  ultramicrocircuits  be  rqiairable? 
Will  we  able  to  selectively  break  chemical  linkages  or  rearrange  them  ?  Is  it  still  necessary  to  utilise 
boolean  logic,  presently  used  in  all  coiiq)r,ers  ?  Will  we  be  ui^ired  by  the  neuronal  networks  of 
the  brain  ?  These  circuits  {vesently  weak,  in  all  tm>bability,  in  a  non-boolean  fashion,  using 
parallel  processing.  To  build  the  logic  of  the  future,  the  convergence  between  molecular 
neurobiology  and  micro-electronics  is  in  die  forefront  and  it  holds  great  promise. 
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The  Langmuir-Blodgett  monolayer  deposition  is  considered  as  a  result  of  the 
interaction  between  the  solid/liquid  and  ga^quid  inteiface  in  die  three-phase  contact  zcxie.  Our 
and  literature  data  on  static  contact  angles  6o  are  interpreted  cm  the  basis  of  the  Frumkin- 
Deijaguin  theory  (1,2)  relating  0o  K>  the  ^pe  of  the  disjoining  pressure  isotherm  IT  (h).  "Dry" 
deposition  (without  liquid  film  entrainment)  occurs  when  the  disjoining  pressure  barrier  rimax 
between  the  hydrophilic  groups  of  die  adjacent  montdayers  has  beoi  overcome.  The  conelation 
between  the  irreversibility  of  the  monolayer  depositimi  and  the  large  contact  angle  values,  first 
observed  by  Langmuir  (3),  can  also  been  explained  in  these  framework  -  they  both  are  related 
to  the  deepness  of  the  minimum  of  the  specifrc  11  (h)  isc^ierm  of  die  system. 
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LE  Multilayers  formed  from  alternating  layers  of  two  distinct 
materials  have  been  extensively  studied  recently.  These  systems 
are  all  likely  to  have  a  net  electric  dipole  associated  with  each 
bilayer  and  these  dipoles  will  reinforce  as  multilayers  are  built 
up  producing,  as  is  shown  below,  a  change  in  apparent  surface 
potential  which  increases  linearly  with  the  number  of  layers 
deposited.  Studies  previously  made  by  us  on  materials  which  form 
Y-layers  showed  that  many  LB  films  exhibit  a  change  of  surface 
potential  with  thickness  which  can  best  be  explained  in  terms  of  a 
surface  doiible  layer  analogous  to  a  Schottky  barrier.  In  a 
material  formed  from  alternating  layers  one  might  expect  both 
these  effects  to  be  present.  This  paper  describes  the  results 
obtained  from  an  investigation  of  these  phenomena.  The  materials 
studied  were  dipped  on  bottom  electrodes  of  aluminium  deposited 
in  vacuo  on  microscope  slides.  Surface  potential  measurements  were 
made  by  the  Kelvin  technique.  In  this  method  a  reading  is  taken 
when  the  electric  potentials  of  the  top  of  the  specimen  and  the 
bottom  of  the  Kelvin  vibrating  electrode  are  equal  and  thus  the 
field  is  zero  between  two  surfaces.  If  the  total  polarisation  of 
the  specimen  normal  to  the  upper  surface  is  P  then  the  bound 

charge  associated  with  this  polarisation  is  given  by  o=P  and 

P  =  Po  +  €0  X  Es 

where  Po  is  the  polarisation  arising  from  the  fixed  dipoles,  Es  is 
the  electric  field  at  the  surface  and  x  is  the  susceptibility. 

The  field  in  the  specimen  resulting  from  a  is  thus  given  by 

E  =  -  Po/eoe 

where6=x+  1  and  is  the  relative  permittivity. 

Thus  the  potential  of  the  upper  surface  relative  to  the  bottom 
electrode  will  be  linearly  proportional  to  the  number  of  bilayers 
and  will  differ  in  sign  depending  on  whether  the  layers  are 
ABAB...  or  BABA...  .  In  addition  there  will  be  a  potential 
resulting  from  the  Schottky  barrier  effect  which  will  be  quadratic 
in  the  thickness  and  will  be  independent  of  the  sequence  of 
deposition. 

We  have  carried  out  experiments  using  alternating  layers  of 
stearic  acid  and  stearylamine  which  confirm  the  validity  of  the 
analysis  given  above  and  allow  one  to  calculate  the  density  of 
acceptor  states  in  the  LB  film.  We  are  now  extending  these 
studies  to  other  alternating  LB  systems,  in  particular  those 
formed  from  polymers. 
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Rod-like  polymers  with  flexible  side  chains  like  Tetra- 
(methoxy-) tetra- (octoxy-)phthalocyaninato-polysiloxane  (PcPS) 
and  Poly-  [  (y-methyl-L-glutamate) -co-  (y-n-octadecyl-L-gluta- 
mate) ]  (PG)  form  stable  monolayers  on  the  water  surface.  These 
monolayers  can  be  transfered  to  hydrophobisized  glass  plates 
with  a  transfer  ratio  near  100%. 

■  Due  to  the  form  anisotropy  of  the  molecules  supramolecular 
structures  showing  a  macroscopic  anisotropy  in  the  layer  plane 
can  be  obtained.  The  orientation  of  the  main  axis  of  the 
transfered  molecules  can  be  correlated  to  the  geometric 
conditions  of  the  transfer  experiment. 

The  molecules  are  aligned  parallel  to  the  dipping 
direction,  if  the  transfer  gives  rise  to  a  convergent  flow  of 
the  monolayer  on  the  water  surface.  The  molecules  show  a  random 
orientation  on  the  substrate,  if  convergent  flow  conditions  are 
carefully  avoided. 

The  time  dependent  orientation  development  during  the 
deposition  of  the  first  monolayer  may  be  analyzed  theoretically 
in  terms  of  a  two-dimensional  liquid-crystal  suffering  shear 
deformation. 

Orientation  effects  which  may  arise  from  mechanical 
deformation  of  the  monolayer  at  the  meniscus  during  transfer  to 
the  substrate  are  negligible  as  has  been  shown  by  direct 
measurement  of  the  interfacial  forces. 
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The  structural  changes  of  Langmuir 
monolayers  have  been  studied  by  fluores¬ 
cence  microscopy  during  their  hydrophilic 
transfer  onto  a  solid  substrate.  The  mono- 
layers  have  been  doped  with  minor  amounts 
of  fluorescent  dye  and  are  imaged  in  their 
liquid-  condensed/liquid-expancted  (LC/LE) 
coexistence  phase.  Thus  probe-depleted 
dark  LC-  domains  are  visualized  in  a  bright 
fluorescent  LE-matrix.  The  size  and  shape 
of  the  domains  provides  information  on  the 
local  condition  of  the  monolayer. 

The  observation  of  dipalmitoylphosphati- 
dylcholine  (OPPC)  and  dimyristoyiphosphati- 
dylethanoiamine  (DMPE)  monolayers  reveals 
the  substrate-mediated  fractional  conden¬ 
sation  and  local  phase  separation  at  the 
three-phase  line.  It  is  shown,  that  the 
monolayers  are  preferentially  transferred 
as  higher  ordered,  probe  depleted  LC-phase 
during  slow  (<2(mi/s)  LB-transfers  onto 
Si02'*substrates.  This  fractional  conden¬ 
sation  and/or  selective  transfer  induces  an 
increasing  concentration  of  impurities  (i.e. 
fluorescent  &f9)  in  the  floating  monolayer 
zone  ac^cent  to  the  three-phase  Kne.  This 
local  impurity-concentration  causes  the 
increase  of  the  coexistence  pressure,  wNch 
is  detected  in  the  local  melting  of  the 
domains.  The  local  probe  concentration 
profile  depends  on  the  overall  probe  con¬ 
centration,  the  transfer  speed,  temperature, 
pressure,  etc.,  and  is  measured  and  quanti¬ 
fied  1^  image  analysis  techniques. 


With  stationary  substrates  we  observe 
the  substrate-mediated  pressure  deposition 
of  LC-phase  and/or  the  diffusion  limited 
fingering  domain  growth  nucleating  at  the 
three-phase  line.  The  substrate-mediated 
pressure  deposition  permits  the  transfer  of 
large  areas  of  LC-phase  with  unique  homo¬ 
geneity. 

The  experimental  results  show  that  the 
interaction  of  the  monolayer  with  its  support 
affects  its  free  energy  and  thus  its  equi¬ 
librium  molecuiar  ordering  (e.g.  the  pressure 
of  the  coexistence  phase).  Hence  a  mole¬ 
cular  rearrangement  is  observed  for  slow 
LB-transfers,  where  the  monolayer  inter¬ 
face  changes  from  the  aqueous  meniscus 
subphase  to  the  solid  support. 


Substrate-mediated  deposited  stripes  ob¬ 
tained  by  slow  compresslon/expanslon  cycles 
of  Increasing  maximum  pressure  (DPPC) 


A05 

ASPECTS  OF  LANGMUIR-BLODGETT  TROUGH  DESIGN:  COMPUTERIZATION, 

SURFACE  PRESSURE  MEASUREMENT,  UNEVENNESS  OF  MOTION,  GENERATED  VIBRATIONS 

* 

George  R.  Ivanov,  Kostadin  G.  Kostadinov  and  Alexander  G.  Petrov 

Laboratory  of  Liquid  Crystals  and  Molecular  Electronics,  Institute  of  Solid 
State  Physics,  Bulgarian  Acad.  Sci.,  Lenin  Blvd.  72,  1784  Sofia,  Bulgaria 
*  Laboratory  Mechatronic  Systems,  Institute  of  Mechanics  and  Biomechanics, 
Bulgarian  Acad.  Sci.,  G.  Bonchev  Str.,  Block  No  4,  1113  Sofia,  Bulgaria 

The  old  problem  of  the  influence  of  motion  unevenness  of  barrier  and 
substrate  holder  of  Langmuir-Blodgett  (LB)  troughs  and  the  generated  within 
the  trough  vibrations  on  the  film  at  the  air-water  interface  and  deposited 
structures  was  completely  forgotten  in  recent  years.  The  disadvantages  of 
computerization  were  misregarded  and  its  full  potential  was  not  used. 

Here  our  experience  in  designing  a  new  generation  of  research  LB 
troughs  is  presented.  The  trough  is  entirely  computer  controlled  with 
digital  and  analogue  (master  and  slave)  velocity  control  feed  back  loop  and 
on-line  monitoring  of  the  unevenness  of  motion.  The  software  productivity 
is  18  readings  per  second  from  all  four  transducers  with  IBM  PC/AT 
computer.  Four  principally  different  translational  drive  units  are 
constructed.  One  of  them  is  realized  by  redundancy  of  drives  impedance 
control  i.e.  stiffness  and  damping  of  the  barrier  are  changed.  A  new 
methodology  for  their  evaluation  is  applied.  It  comprises  independent  and 
simultaneous  monitoring  of  three  different  parameters  i.e.  drive  motor 
velocity,  output  link  velocity  and  output  link  vibrations  (see  Fig.  1).  Our 
trough  features  incremental  line  positional  sensors  with  absolute  accuracy 
below  0.005  mm  attached  directly  to  the  output  link;  speed  range  in  excess 
of  1  :  10000;  microprocessor  Pt  100  thermometer.  Wilhelmy  type  surface 

pressure  transducer  connected  to  Lock-in  amplifier  is  compared  with  zero 
position  one.  The  interbalance  between  digital  and  analogue  is  discussed  in 
relation  to  velocity  control  and  surface  pressure  control  feed  back  loops. 

We  thank  the  22  scientists  from  8  institutions  who  participated  in 
final  design  and  evaluation.  This  project  was  partly  supported  by  the 
Bulgarian  Ministry  of  Science  and  Higher  Education  under  contract  No  587. 


Fig.  1.  Acceleration  spectra  of  the  barrier  at  velocity  of  0.1  mm/sec. 
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Supramolecular  Engineering  Based  on  Self-Assembling 
Monolayers  and  Bilayers 

Toyoki  Kunitake 

Department  of  Organic  Synthesis,  Faculty  of  Engineering, 
Kyushu  University,  Higashiku,  Fukuoka  812,  Japan 


Novel  molecular  functions  are  conveniently  designed  by 
taking  advantage  of  self  assembling  properties  of  monolayers  and 
bilayers.  Some  of  our  recent  progresses  in  this  field  are  summa¬ 
rized.  A  common  theme  is  to  design  macroscopic  organization  on 
the  basis  of  microscopic  (molecular)  organization. 


1.  Molecular  Recognition  by  Surface  Monolayers. 

Molecular  recognition  via  specific  hydrogen  bonding  has  been 
extensively  studied  as  host  guest  interactions  in  organic  media. 
We  found  that  hydrogen  bonding  interactions  play  important  roles 
even  at  the  air-water  interface  which  is  exposed  to  the  subsphase 
water. Fig*  1  illustrates  examples  of  functionalized  monolay¬ 
ers  which  we  have  -  prepared .  They  bind  specifically  respective 
aqueous  substrates  at  low  concentrations.  For  instance,  a  Kemp’s 
triacid  derivative  aligns  in  a  dimeric  form  (2)  and  is  capable  of 
specific  binding  of  nitrogen  aromatics  and  amino  acids.  The 


monolayer  of  a  guanidinium  derivative  (5)  can  bind  ATP  selective¬ 
ly.  The  mode  of  molecular  recognition  can  be  confirmed  by  FT-IR 
and  XPS  spectroscopies  of  transferred  films.  Enhanced  binding 
must  arise  from  the  unique  property  of  the  interface. 
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2.  Preparation  of  Highly  Stabilized  BLM’s. 

Black  lipid  membranes  (BLM)  have  been  used  as  biomerabrane 
mimics;  however,  their  uses  are  limited  due  to  short  lifetimes. 
We  found  that  stable  BLM's  were  formed  from  various  synthetic 
araphiphiles  which  spontaneously  produced  aqueous  bilayer  disper¬ 
sions.^^  The  lifetime  exceeds  one  day  in  several  cases.  Conven¬ 
tional  permeation  experiments  can  be  conducted  because  of  this 
improved  stability. 

3.  Controlled  Orientation  of  Bioactive  Molecules  in  Synthetic 
Bilayer  Membranes. 

Component  amphiphiles  in  the  bilayer  assembly  assume  well- 
defined  orientations.  Certain  guest  molecules  are  incorporated 
into  bilayers  in  ways  that  reflect  the  assembly  of  the  matrix 
bilayer.  The  orientation  of  negatively-charged  porphyrins  in 
matrices  of  ammonium  bilayers  is  determined  by  optimized  electro¬ 
static  interactions.^^  Molecular  orientation  of  myoglobins  and 
other  heme  proteins  in  bilayers  can  be  controlled  similarly. 

4.  Cast  Films  of  Synthetic  Bilayers  as  Molecular  Templates. 

Aqueous  synthetic  bilayers  are  cast  into  free-standing 
multilayer  films.  Alkoxysilanes  incorporated  into  the  regular 
interbilayer  space  of  the  cast  film  can  be  hydrolyzed  and  con¬ 
densed  to  form  silicate  layers. Multilayered,  ultrathin  (20  A) 
silicate  films  are  obtainable  upon  extraction  of  organic  ma¬ 
trices.  This  approach  is  extended  to  formation  of  aluminosili¬ 
cates.  An  ion  exchange  technique  has  been  used  to  attain  even 
finer  control. 
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PHOTOELECTRIC  PROPERTIES  OF  DOMAIN  ARRAYS  IN  PORPHYRIN  LB  FILMS 

M.  Yoneyama,  A.  Fujii,  S.  Maeda,  and  T.  Murayama 
Mitsubishi  Kasel  Corporation,  Research  Center 
1000  Kamoshida-cho,  Midori-ku,  Yokohama  227,  Japan 

Practical  applications  of  LB  films,  especially  to  microelectronic 
devices,  require  a  careful  control  of  the  two-dimensional  textures  of 
spread  monolayers.  This  task  involves  the  study  of  experimentally 
correlating  the  functional  properties  of  the  monolayers  with  their 
microstructures,  which  is  quite  important  but  seems  to  have  been  rather 
neglected  so  far.  Here  we  discuss  the  formation  of  porphyrin  domain  arrays 
at  the  air-water  interface  together  with  the  domain-level  characteriza^on 
of  the  photoelectric  properties  of  LB  films  containing  these  arrays. 

The  system  studied  is  a  mixed  monolayer  containing  5-(^-N-decyl- 
pyridinium)-10, 15,20-tri-p-tolyl  porphyrin  (C,oPyTTP)  as  a  highly 
photovoltaic  compound  and  arachidic  acid(C2»)  as  an  insulating  matrix 
component.  Fluorescence  microscopic  observations  reveal  that  C20  forms 
small  crystalline  domains  (<10// m)  in  an  as-spread  monolayer  on  pure  water 
while  CioPyTTP  forms  nearly  circular  domains  of  finite  size  after  repeated 
compression  and  expansion  of  the  monolayer.  The  porphyrin  domains  are  of 
rather  uniform  size  with  their  mean  diameter  strongly  depending  on  the 
molar  nixing  ratio  of  C,oPyTTP  and  Cta.  For  example,  a  mean  diameter  of 
50 /im  is  obtained  for  1:10  mixtures.  The  domains  are  separated  from  each 
other  by  Cig  crystallites,  making  an  array-like  pattern  at  the  air-water 
interface. 

These  microstructures  are  Successfully  transferred  onto  solid 
substrates,  and  Schottky  type  photovoltaic  cells  (Al/porphyrin  layer/ 
covering  layer/Ag)  are  fabricated.  Their  photoelectric  properties  are 
investigated  on  the  domain  level  by  measuring  short-circuit  photocurrent 
(Isc)  under  illumination  of  a  focused  light  (^20// a).  Lateral 
distributions  of  Isc  are  monitored  by  scanning  the  light  across  the  cell 
surface.  The  obtained  Isc  shows  a  large  fluctuation  depending  on  the 
position  of  illumination,  indicating  that  the  porphyrin  domains  function  as 
photodiode  arrays. 


This  work  was  supported  by  NEDO  under  management  of  FED. 
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MULTILAYER  PHASE  TRANSITION  OF  A  LIQUID  CRYSTAL  FILM  ON  AN 

Am/WATER  INTERFACE 

J.-Z.  XUEt,  M.W.  KIM 

Exxon  Research  and  Engineermg  Company,  Route  22  East,  Annandaie,  NJ  08801, 
U.S.A 

fDepartment  of  Physics,  Princeton  University,  Princeton,  NJ  08544  U.S.A 

Abstract 

Thin  liquid  cry8tal(LC}  films  show  very  interesting  physical  phenomena  and 
have  been  studied  by  many  researchera.  We  study  the  phase  behavior  of  thin  film  of 
Octylcyanobiphenyl(8CB)  at  the  air/water  interface  by  simultaneously  measuring  the 
molecular  alignment  and  the  static  pressure  as  a  function  of  density.  The  density  of 
the  liquid  crystal  molecules  on  the  interface  is  changed  either  by  adding  in  more  liquid 
crystals  and  /or  by  compressing  the  sample  surface.  We  find  that  when  the  density  is 
very  low,  the  LC  is  in  "gas”  phase,  molecules  either  lie  parallel  to  the  interface  or  form 
patches  with  their  director  roughly  perpendicular  to  the  interface.  Increasing  in  the 
density  results  in  quantized  growth  of  liquid  crystal  layers  which  are  parallel  to  the 
interface.  This  layer  growth  apparently  strongly  depends  on  the  interface  interactions 
between  the  LC  molecules  and  water.  We  also  study  this  surface  induced  ordering 
when  the  temperature  is  changed  in  the  range  where  the  bulk  LC  will  go  from  isotropic 
phase  to  crystal  phase.  EUipsometry  and  the  surface  balance  techniques  are  used  in 
the  studies. 
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Investigation  of  Fatty  Acid  Monolayers  at  the  Air-water  Interlace 
Using  a  Refiectance-measuiing  Technique 
and  a  Phase  Contrast  Microscope 

Takehl—  nkothlnui.  Atauko  Biunda  anil  Koiebl  Mnkaaa* 

ADYANTEST  Laboratories  Ltd.  Hokkaido  University* 

250- 1  Hoshino-cho,  Otaru  047-02.  Japan  N13  W8  IQta-ku  Sapporo  060.  Japan 


We  newly  developed  two  techniques  to 
investigate  the  aggregation  structure  of 
monolayers  at  the  air-water  interface. 
ReflectanM-measurlng  technique 

Using  this  technique,  we  investigated 
the  aggregation  structure  of  fatty  acid 
(Ci2*-C22)  monolayers  at  the  air-water  in¬ 
terface  without  using  fluorescent  probes.  It 
is  found  that  the  aggregates  (domains)  grow 
even  below  O.lmN/m.  and  the  size  of  the 
domains  increases  with  the  alkyl-chain 
lengUi  up  to  arachidlc  acid ,  but  it  decreases 
in  behenic  acid . 

Fig.  1  shows  a  typical  example  of  the 
time  dependence  of  the  reflectance  in 
arachidlc  acid  on  a  water  subphase.  Hie  re¬ 
flection  spectra  from  a  clean  water  surface 
was  monitored  for  5  mtn.  then  the  sample 
solution  was  spread  (a).  We  waited  for  10 
min  (b-c)  to  evaporate  the  solvent 
(chloroform),  and  the  compression  was 
started  (c).  Below  25A2/molecule  (d-e)  which 
means  in  condensed  monolayer,  the  re¬ 
flectance  Increases  continuously  with  in¬ 
creasing  surface  pressure.  An  occasional 
increase  in  reflectance  is  observed  even  be¬ 
low  0.  ImN/m  (b-d).  Since  the  rdlectance 
increases  continuously  in  condensed 
monolayer,  the  occasional  Increase  sug¬ 
gests  the  growth  of  condensed  domains  at 
very  low  surface  pressure.  The  intensity 
and  the  period  of  the  variation  in  re¬ 
flectance  at  very  low  surface  pressure  hi- 
crease  with  the  all^l-chain  length  up  to 
arachidlc  acid.  But  in  behenic  add  little 
variatkm  in  reflectance  is  observed  at  very 
low  surface  pressure.  It  is  considered  that 
the  period  of  the  variation  reflects  the  she 
of  domains,  because  the  ccanpression  qieed 
is  constant.  Therefore,  it  is  concluded  that 
the  size  of  domains  at  very  low  surface 
pressure  increases  with  increasing  the 
alkyl-chain  length  from  myristlc  acid  to 
arachidic  acid,  but  it  decreases  in  behenic 
ia:ld. 

Phase  COBtrttt  litooscope 

We  found  that  the  aggregation  structure 
of  monolayers  at  the  air-water  interface 
can  be  visualized  using  a  phase  contrast 
microscope.  Udng  this  technique,  we  first 
observed  the  domain  morphology  in  fatty 


acid  (C14-C24)  monolayers  directly  and  in 
real-time  without  using  fluorescent  probes. 

Fig.2  shows  a  typical  example  of  visu¬ 
alized  domains  at  very  low  surface  pressure 
in  arachidic  add.  In  our  experimental  set 
up.  dark  regions  in  the  picture  are  domains. 
In  the  upper  part  of  the  picture  one  can  see 
the  passing  time  finom  the  spreading  of  the 
sample  solution.  From  the  direct  observa¬ 
tion  of  dmnains  in  fatty  acid  monolayers,  it 
is  confirmed  that 

(1)  dnnains  grow  in  several  seconds  after 
the  spreading 

(2)  isolated  domains  fuse  together  to  form 
larger  domains  in  several  minutes  after 
theqireadlng  ' 

(3)  the  size  of  domains  increases  with  the 
alkyl-chain  length  up  to  arachidic  acid, 
but  it  decreases  in  behenic  add  and 
lignoceric  add. 

Ai*t  per  molecule  (A’/meleeule) 


Fig.  1  TbDe  dependence  of  the  reflectance 
in  amchkhc  «dd 


Fig.2  l^ualted  domains  in  arachidlc  acid 
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FUSION  OF  PHOSPHOLIPID  VESICLES  WITH 
LANGMUIR  LIPID  MONOLAYER 

Ser--apg  Sui  &  Shao-oepg  Wang  ,  Depannent  of  biological  Science  & 
3io:echPology.  Tsipgf’ua  Universiiy.  Beijing  100084,  China 

The  interactions  between  biological  membranes  involve  some  major  matters  of 
membrane  biophysics,  such  as  membrane  adhesion  and  fusion,  exocytosis  and 
endocytosis.  lipid  exchange  and  so  on.  As  a  model,  lipid  vesicles  or  liposomes  have 
been  widely  used  in  the  study  of  inter-membrane  interactions.  The  present  review, 
however,  is  devoted  to  investigate  the  interactions  of  phospholipid  vesicles  with 
Langmuir  lipid  monolayer,  which  may  furnish  another  model  system  to  study 
inter-membrane  interactions.  In  fact,  the  radius  of  curvature  of  secretion  vesicles 
created  by  celluar  biochemical  processes  (very  small  vesicles)  is  much  smaller  than 
that  of  the  inner  monolayer  of  cell  membrane.  The  problem  of  interactions  of  these 
small  vesicles  with  the  cytoplasmic-side  monolayer  of  plasma  membrane,  therefore.; 
may  be  approximately  treated  as  an  interaction  of  very  small  vesicles  with  a  planar 
lipid  monolayer 

Pure  and  mixed  phospholipid  monolayers  were  prepared  at  air.'  water 
interface..  The  n-.4  isotherms  coming  from  same  lipid  monolayer  but  different 
subphase  (with  and  without  lipid  vesicles)  were  compared.  After  special  calibration 
CO  correct  the  molecular  average  area,  a  quantitive  information  of  lipid  molecular 
transfer  from  vesicle  into  Langmuir  film  was  obtained.  In  case  the  change  of  molec¬ 
ular  average  area  is  not  sensitive  to  molecular  composition,  a  molecular  transfer  rate 

C.  maybe  approximately  described  as: 

Ain)  —  A  An) 

C  - — — ? —  X  100% 

A ,  in) 

where  A  (n>  and  Ag(n)  are  the  dim  area  after  and  before  vesicle  fusion  respectively. 

The  effects  of  vesicle  dimension,  vesicle  phase  and  surface  charge  on  the  fusion 
of  phospholipid  vesicles  with  Langmuir  lipid  monolayer  were  analyzed,  which 
showed  that  these  factors  strongly  aiTected  the  fusion  process. 


This  work  is  supported  by  National  Science  Foundation  of  China. 
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Charge-Transfer  Complex  Formation  In  Monolayers  at  the  Alr/Water  Interface 


R.  C.  Ahuja,  M.  Matsumoto"^  and  D.  Moblus 

Mox-Planck-lnstitut  fur  biophysikolische  Chemie,  Postfach  2841,  3400  Gottingen,  FRG 
*  National  Chemical  Laboratory  for  Industry,  Tsukub,  tbaraki  305,  Japon 


Many  of  the  organic  conducting  materials  are  based  on  the  charge-transfer  (CT) 
complexation  of  the  two  components  involved.  We  have  investigated  the  formation 
of  such  complexes  in  monolayers  at  the  air/woter  interface  using  the  amphiphilic 
cyanine  dye  N,N'-dioctadecyl-oxacyanine  perchlorate  (59)  as  donor  and  octadecyl 
tGtracyanoquinodimethane(C18TCNQ)  as  acceptor  components.  UV-VIS  surface  reflec¬ 
tion  and  fluorescence  techniques  were  employed  to  investigate  the  complexation 
process. 

The  absorption  spectrum  of  the  chloroform  solution  of  S9  and  C16TrNQ(1:1)  does 
not  show  any  extra  bands..  However,  when  the  solution  is  spread  at  the  air/water 
interface  the  surface  reflection  spectrum  shows  a  new  broad  band  with  a  maximum 
at  480nm  which  we  have  ascribed  to  the  CT  transition  between  59  and  C18TCNQ. 
The  CT  band  shows  bathochromic  shifts  with  increasing  surface  pressure.^  Progressive 
dilution  of  the  1:1  monolayer  with  matrix  molecule  (DMPC)  leads  to  c  decrease  in 
the  CT  band  intensity  until  at  1:1:5  molar  ratio  of  the  components  no  CT  )and  is  seen. 
The  CT  complex  formation  is  also  reflected  in  the  surface  potentia!-ar .  a  isotherms. 
Upon  direct  excitation  of  the  CT  band  at  480nm  or  via  excitation  of  the  dc;  nor  (365nm) 
a  broad  band  fluorescence  emission  with  maximum  at  560nm  was  ol  served.;  The 
excitation  spectrum  of  the  CT  band  closely  resembles  the  reflection  <s,3ectrum.  The 
fluorescence  quantum  yield  increases  with  decreasing  temperature.  The  fluorescence 
intensity  normalized  (at  constant  surface  density)-area  isotherms  show  that  the 
CT  band  intesity  increases  continuously  with  increasing  surface  pressure,  whereas 
the  donor  fluorescence  intensity  decreases  sharply  above  25mN/m.  The  recults  are 
analyzed  in  terms  of  Mulliken  CT  model. 
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Reflectometry  under  the  Brewster  angle  as  a  tool  to  determine  film  thickness, 
headgroup  influence  and  macroscopic  inhomogeneities  of  monolayers  at  the 

air/water  interface. 


Dirk  Honig  and  Dietmar  Mobius 
Max-Planck-Instltut  fiir  biophysikalische  Chemie 
3400  Gottingen  /  Germany 


For  the  characterization  of  monolayers  at  the  air/water  interface  one  commonly 
uses  either  normal  incident  light  reflection,  ellipsometrical  or  fluorescence 
methods.  We  developed  a  simple,  easy-to- handle  method  without  probe  molecules : 
a  p-polarized  light  beam  of  1mm  diameter  from  a  diode  laser  {670nm)  is  incident 
under  llie  Brewster  angle  of  the  pure  water  surface.  The  reflected  light  intensity 
is  measured  by  a  small  photomultiplier.  The  Brewster  angle  offers  the  advantage 
of  very  low  (theoretically  zero)  background  signal  from  the  pure  water.  The 
reflectivity  is  enhanced  some  hundred  percents  by  compressing  a  monolayer  of  a 
common  matrix  substance  (i.e.,  arachidic  acid).  Fig. 1-3  illustrate  some  of  the  abilities 
of  this  simple  method  concerning  film  thickness  and  monolayer  deposition  control. 


Fig.l  A  typical  reflection  iso - 
therm.  The  steep  increase  in  in¬ 
tensity  is  due  to  a  compact 
island  drifting  under  the  light 
spot,  inhomogeneities  of  the 
monolayer  are  observed. 
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Fig.3  The  influence  of  heed- 
groups  on  maximum  reflection 
for  stearyl  chains  (n=18).  The 
isotherms  vary  strongly  in  shape 
for  the  different  substances. 
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WATER  PERMEATION  THROUGH  TWO-COMPONENT  MONOLAYERS  OF  POLYMERISED 

SURFACTANTS  AND  OCTADECANOL 

Calum  J...  ■Dr.uimnojid.  *  Peter  Elliott,  D.  Neil  Furlong 
and  Geoffrey  T,  Barnes'*’ 

CSIRO,  Division  of  Chemicals  and  Polymers,  Private  Bag  10, 
Clayton,  Victoria,  3168,  Australia 
and  "f^Department  of  Chemistry,  University  of  Queensland, 

St.  Lucia,  Queensland,  '  67,  Australia. 

*Present  Address:  Department  of  Applied  Mathematics,  Research 
School  of  Physical  Sciences,  The  Australian  National  University, 
GPO  Box  4,  Canberra,  ACT,  2601,  Australia. 


Surface  pressure-area  (7C-A)  isotherms  and  resistances  to  water 
evaporation  (r)  have  been  measured  for  monolayers  of 
poly (octadecyl  methacrylate),  poly (octadecyl  acrylate)  and 
poly (vinyl  stearate).  For  each  polymer,  there  were  several 
samples  of  different  molar  mass  and  polydispersity .  All  samples 
were  polymerised  before  spreading  at  the  air/water  interface.  The 
Langmuir-Schaefer  method  was  employed  to  measure  evaporation 
resistances . 

The  7t-A  and  r  data  for  the  polymerised  surfactants  suggest 
that,  at  least  in  the  weight  average  molar  mass  range  of  60  to 
900  kg  mol~-  and  polydispersity  range  of  2  to  9,  monolayer 
properties  do  not  depend  on  molar  mass  or  polydispersity.  The 
evaporation  resistances  of  the  polymerised  surfactants  (r  <  0.5 
s.cm~i  at  20  mN/m  and  20®C)  are  significantly  lower  than  that  of 
octadecanol  (r  =  2.87  s.cm~^  at  20  mN/m  and  20®C)  . 

Tt-A  isotherms  and  r  have  also  been  measured  for  mixed 
octadecanol/poly (octadecyl  methacrylate),  octadecanol/ 
poly (octadecyl  acrylate)  and  poly (vinyl  stearate) /poly (octadecyl 
acrylate)  monolayers.  For  these  two-component  systems,  excess 
areas  and  excess  free  energies  of  mixing,  calculated  by  the 

Goodrich  method,  were  determined  from  the  Jt-A  isotherms. 
Significant  deviations  from  ideal  mixing  occur  with  both  the 
octadecanol/poly (octadecyl  methacrylate)  and  the  octadecanol/ 
poly (octadecyl  acrylate)  systems.  With  evaporation  resistance, 
ideal  mixing  is  thought  to  correspond  to  a  linear  relationship 
between  ln(r)  and  composition  (x) .  The  data  for  the  octadecanol/ 
poly (octadecyl  methacrylate)  show  negative  deviations  from  this 
relationship  whereas  the  results  for  octadecanol/poly (octadecyl 
acrylate)  show  positive  deviations,  and  for  mole  fractions  of 
octadecanol  >  0.3  the  values  of  r  are  close  to  that  of  pure 
octadecanol . 

These  results  have  been  used  to  conqpare  two  theories  of 
monolayer  permeation,  viz.  the  energy  barrier  theory  of  Langmuir 
and  Schaefer  and  the  accessible  area  theory  of  Barnes,  Quickendon 
and  Saylor. 
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SPECTRAL  HOLE-BURNING  IN  LANGMUIR-BLODGETT  FILMS 


M.  ORRIT,  J.  BERNARD,  H.  TALON  and  A.  KOUHSEN, 

Centre  de  Physique  Mol6culaire  Optique  et  Hertzienne 
C.N.R.S.  et  University  de  Bordeaux  I, 

351,  Cours  de  la  Lib6ration,  F-33405  Talence  Cedex 


Conventional  spectroscopy  was  applied  long  ago  to  LB  films 
by  Kuhn  and  his  group  :  these  experiments  provided  such 
information  as  molecular  parameters,  position  of  dye  molecules 
from  energy  or  electron  transfer  measurements,  orientation  of 
transition  dipole  moments,  etc.  Our  aim  here  is  to  show  the 
interest  of  high-resolution  studies  of  LB  films. 

At  low  temperatures,  the  spectra  of  solid  solutions  are 
inhomogeneously  broadened  :  the  narrow  (from  0.001  to 
0.1  cm- ‘ )  homogeneous  zero-phonon  lines  of  individual 
molecules  are  spread  over  the  much  broader  (from  10  to  1000 
cm- M  absorption  band  of  the  solution.  Among  various  time- 
resolved  and  spectral  methods  used  to  measure  the  homogeneous 
width  in  solid  solutions,  the  spectral  hole-burning  is  most 
widely  used  because  it  applies  to  many  solute-matrix  couples 
[1] .  As  the  homogeneous  broadening  arises  from  population  and 
coherence  loss,  the  hole  width  is  a  probe  for  fast  energy 
transfer  (e.g.  in  photosynthetic  centers)  and  for  the  low- 
temperature  dynamics  around  the  absorbing  molecules.  Also,  a 
narrow  spectral  hole  is  much  more  sensitive  to  external 
perturbations  (electric  or  magnetic  fields,  pressure  and 
strain,  etc.)  than  the  broad  band  in  which  it  is  burnt. 

Recording  spectral  holes  burnt  in  monolayers  is  difficult 
because  of  the  wea)c  number  of  active  dye  molecules.  Moreover, 
whenever  the  matrix  dynamics  is  to  be  measured,  energy 
transfer  should  be  avoided  by  )ceeping  the  dye  concentration 
very  low.  In  our  setup,  we  applied  the  very  sensitive 
fluorescence  excitation  method  to  a  stack  of  thin  plates 
covered  with  the  LB  film  [2].  Hereafter,  we  describe  several 
hole-burning  experiments  in  LB  films. 

i)  dielectric  image  effect 

Dye  molecules  imbedded  in  a  surface  monolayer  are  affected 
by  a  medium  change  across  the  surface.  A  convenient  way  to 
achieve  this  at  helium  temperatures  is  to  immerse  the  sample 
in  superfluid  helium.  Due  to  the  liquid's  polarization,  the 


molecular  transition  frequencies  are  red-shifted  by  a  few 
hundredths  of  a  cm* *  .  We  detected  this  red  shift  using  a 
narrow  spectral  hole  [2] .  Similar  experiments  could  be  devised 
using  holes  as  surface  probes. 

ii)  Stark  effect 

The  change  in  hole  shape  after  application  of  a  static 
electric  field  (Stark  effect)  may  be  related  through  the 
molecular  structure  to  the  orientation  of  the  chromophore  axes 
of  the  absorbing  molecules  in  the  film  (including  their 
direction,  which  is  not  given  by  absorption  spectra).  Using  a 
fatty  acid  multilayer  doped  with  an  amphiphilic  cyanine  dye, 
we  have  shown  that  the  short  chromophore  axis  lies  nearly 
parallel  to  the  surface  [3] .  In  the  case  of  centrosymmetric 
molecules,  a  linear  Stark  effect  indicates  that  microscopic 
internal  fields  break  the  molecular  symmetry.  Stark 
measurements  could  thus  be  related  to  the  internal  field  in  LB 
films , 

iii)  Surface  dynamics 

We  studied  the  temperature  dependence  of  the  hole  width  in 
LB  assemblies  where  the  dye  occupied  different  positions  with 
respect  to  the  surface  and  substrate.  When  the  dye  is  close  to 
the  surface  (i.e.  ip.  the  two  last  monolayers)  the  hole  width 
remains  large  at  the  lowest  temperature  studied  (1.7  K) .  We 
attribute  this  unexpected  result  to  a  specific  low-temperature 
motion  taking  place  in  the-  surface  monolayer.  As  is  known  from 
other  techniques,  especially  infra-red  absorption,  the  last 
(surface)  layer  is  less  ordered  than  the  bulk  ones.  The  low-T 
motion  could  perhaps  be  related  to  the  structure  of  the 
surface  layer.  We  hope  further  work  will  give  us  insight  into 
this  problem. 

References  : 

[11  W.  E.  Moerner,  editor,  Persistent  Spectral  Hole-Burning  : 
Science  and  Applications,  Springer  (1988). 
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EFFICIENT  RECTIFIED  PHOTOCURRENT  FROM  PURPLE  MEMBRANE 
LB  RLMS  AT  THE  ELECTRODE-AQUEOUS  ELECTROLYTE  INTERFACE 

Tsutomu  MIYASAKA  and  Koichi  KOYAMA 
Ashigara  Research  Laboratories,  Fuji  Photo  Elm  Co.  Ltd. 

Minamiashigara,  Kanagawa  250-01,  Japan 

Bacteriorhodopsin  (bR)-containing  purple  membrane  (PM)  was  purified  from  Halo- 
bacterium  halobium  and  its  LB  films  were  prepared  on  an  SnO^  electrode.  A  photochemical 
cell  was  constructed  by  dipping  the  PM-coated  electrode  in  an  aqueous  KCl  electrolyte 
together  with  a  counter  electrode  and  a  reference  electrode,  where  the  thin  PM  layer  placed 
between  the  electrode  and  electrolyte  was  to  function  as  a  photosensitive  interface. 

Visible  light  irradiation  to  the  PM  film  caused  a  photocurrent  in  an  external  circuit 
with  a  time  response  profile  as  shown  in  Fig.  1.  The  action  spectrum  of  the  photocurrent 
coincided  with  the  absorption  spectrum  of  bR  (Fig.  2).  The  magnitude  of  photocurrent 
depended  significantly  upon  the  electrode  potential  applied  to  the  Sn02  electrode  but  was 
always  rectified  in  cathodic  direction  showing  marked  enhancement  under  cathodic  polariza¬ 
tion  of  the  electrode.  The  pH  of  the  electrolyte  highly  affected  this  potential  dependence 
profile  and  the  maximal  photocurrent  response  was  obtained  in  a  neutral  pH  region  which 
agrees  with  the  pH  dependence  of  the  proton  pump  activity  of  bR.  The  pH  dependence  as 
well  as  a  fact  that  the  photocurrent  was  strongly  quenched  by  any  kind  of  buffering  agent 
added  in  electrolyte,  support  that  the  photoresponse  arises  from  the  light-driven  proton 
transfer  in  bR. 

Of  important  performance  in  this  type  of 
solid-liquid  junction  photocell  is  that  a  highly 
efficient  and  stable  photocurrent  can  be  obtained 
with  only  a  few  number  of  PM  monolayers.  A 
sandwich  type  bR  photocell  was  also  constructed 
using  a  thin  layer  polymer  electrolyte  containing 
agar,  gelatin,  CM-chitin,  etc.,  which  enabled  to 
fabricate  a  lateral  array  of  small  photocells  (pixels) 
on  a  substrate.  Based  on  this  technique,  we  were 
successful  to  develop  an  image  sensing  device 
with  64  bR  photo-pixels,  which  proved  to  have  a 
unique  sensing  function  similar  to  those  found  in 
visual  perception. 


I - 1  500m* 

Fig.  1  Time  response  by  flash  excitation. 


Fig.  2  Photocurrent  spectrum 
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ENERGY  AND  ELECTRON  TRANSFER  IN  LANGMOIR-BLODGETT 
FILMS  OF  COFACIAL  PORPHYRINS-PHTHALOCYANINES 
HETERODIMERS:  A  TIME-RESOLVED  STUDY. 

J-F  LTPSKTERa>Cf  t.H.  TRAN-THia» C;  s.  PALACINa;  S.  GASPARD^; 
D.  HOUDEC  and  C.PEPINC. 

a-  Service  de  Chimie  Mol^culalre,  Commissariat  k  I'Energie 
Atomique,  Centre  d'Etudes  de  Saclay,  F91191 
GIF- SUR- YVETTE  cedex  (FRANCE) . 

b-  Institut  de  Chimie  des  Substances  Naturelles, 
C.N.R.S.,  F91190  GIF- SUR- YVETTE  cedex  (FRANCE). 

c-  Laboratoire  de  Spectroscopie  Femtoseconde,  D6pt .  de 
M6decine  Nucl6aire  et  Radiobiologie,  University  de 
Sherbrooke,  C.H.U.S.,  SHERBROOKE  (Quebec)  J1H5N4, 
CANADA. 

L.B.  films  of  semi -amphiphilic  porphyrin-phthalocyanine 
heterodimers  have  been  prepared  and  characterized.  ESR 
anisotropy  and  linear  U.V.-vis.  dichroism  show  that  the 
macrocycles  are  superimposed  face  to  face,  with  their  mean 
plane  parallel  to  the  substrate  plane  (fig. 1). The 
photochemistry  of  such  films  has  been  investigated  in 
details  by  time-resolved  absorption  spectroscopy  from  the 
sub-picosecond  to  the  microsecond  time  domain  in  comparison 
with  similar  dimers  in  dilute  solutions.  It  is  shown  that 
selective  excitation  of  the  porphyrin  moiety  with  visible 
laser  light  results  either  in  the  migration  of  the 
excitation  energy  towards  the  phthalocyanine,  or  in  the 
transfer  of  one  electron  between  the  two  chromophores .  By  an 
adequate  choice  of  the  metal  center (s)  of  the  two 
components,  one  is  able  to  direct  efficiently  the  dominant 
deactivation  pathway  towards  either  of  these  photophysical 
processes. 
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GUIDED-WAVE  FREQUENCY-DOUBLING  IN  LANGMUIR-BLODGETT  FILM 
WAVEGUIDES 

Ch.  Bosshard,  M.  Kiipfer,  M.  Florsheimer  and  P.  Gunter 
Institute  of  Quantum  Electronics,  ETH  Hdnggerberg,  CH-8093 
Ziirich,  Switzerland 

2-docosylamino-5-nitropyridine  (DCANP)  is  a  molecule 
displaying  strong  nonlinear  optical  effects  in  Langmuir- 
Blodgett  (LB)  films.  Its  linear  and  nonlinear  optical 
properties  have  been  described  in  [1|  and  [2].  Due  to  its 
ability  to  form  multilayers  of  high  optical  quality 
waveguiding  in  these  films  was  observed  [2]. 

We  now  report  for  the  first  time  guided-wave  second- 
harmonic  generation  in  nonlinear  optically  active  LB  films. 
Phase-matched  frequency-doubling  was  observed  in  LB  films  of 
DCANP  by  using  the  Cerenkov-type  configuration.  This  method  is 
simpler  than  phase-matching  of  guided  modes  where  very  strict 
conditions  on  the  waveguide  thickness  are  required  and  where 
both  fundamental  and  second-harmonic  waves  have  to  be  guided. 
In  Cerenkov-type  phase-matching,  however,  only  the  fundamental 
beam  is  guided  in  the  layer  whereas  the  second-harmonic  beam 
is  radiated  into  the  substrate.  The  charge-transfer  axis  of 
the  DCANP  molecules  lies  in  a  plane  parallel  to  the  dipping 
direction.  Therefore  the  largest  nonlinear  optical  coefficient 
d33  could  be  used  with  TE  nodes.  Experiments  at  different 
wavelengths  and  waveguide  dimensions  and  efficiency  studies  of 
the  frequency-doubling  process  were  performed.  In  addition  the 
dipping  process  was  adjusted  for  optimized  waveguiding. 


[1]  G.  Decher,  B.  Tieke,  C.  Bosshard  and  P.  Gunter, 
Ferroelectrics  91,  193-207  (1989) 

[2]  Ch.  Bosshard,  M.  Ktipfer,  P.  GOnter,  C.  Pasquier,  S.  Zahlr 
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THE  PHOTOHIDIFCED  TRANSFORMATION  OF  NONLINEAR  QPTICAI  PROPERTIES 

IN  ORGANIC  MONOLAYERS 

O.A.Aktsipetrov,  A.V.Maximychev,  E.D.Miahimf  T.V,Murzimf 

A,V,Petuktiov 

Physios  Department,  Moscow  State  University, 

Moscow,  119899,  USSR 

The  generation  of  optical  second  harmonic  (SH)  was  investigated 

in  langmuir-Blodgett  films  of  4-nitro-4*-oktodeoilasobenzole 

(NAB)  and  bacteriorhodopsine  (BR).  The  research  was  carried  out 

3+ 

while  reflecting  the  pulse  radiation  of  YAGlNd  -laser  at  1064 
nm  from  the  film  or  passing  through  it.  It  was  discovered  that 
LB  NAB  monolayered  films  demonstrated  a  significant  anisotropy 
in  nonlinear-optical  properties;  the  dependence  of  the  second 
harmonic  intensity  on  rotational  asimutal  angle  ®  l2y(®) 
hac  two  maxima  spaced  at  the  distance  of  ic.  '  These  properties 
changed  dramatically  while  illuminating  the  film  by  Ar^-laser 
polarized  radiation  at  514  nm.  The  new  dependence  l2y(®) 
also  two  maxima,  but  their  positions  could  be  shifted  so  that 
the  angle  between  the  new  maxima  position  and  the  direction  of 
the  additional  radiation  polarization  become  equal  to  ic/2. 

The  SH  generation  was  also  studied  in  LB  mono-  and 
mul'ilayered  films  of  BR.  The  square  dependence  of  the  SH 
intensity  on  the  number  of  monolayers  was  observed. 
Photocliromic  character  of  SH  in  these  LB  films  has  not  been 
detected,  while  electrodeposited  films  of  BR  demonstrated 
strong  photochromism  -  decreased  twice  under  the  additional 
illumination  of  the  excited  area. 

So  we  have  discovered  the  photoinduoed  anisotropy  of 
nonlinear  properties  of  LB  films  and  showed  that  these 
properties  could  be  changed  gradually  by  additional  polarized 
illumination.  The  SH  generation  was  also  first  observed  for 
mono-  and  multilayered  LB  films  of  bacteriorhodopsine. 
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OPTICAL  BLSTABILITY  IN  THE  OPTICAL  WAVEGUIDES 
COATED  WITH  NONLINEAR  LB  FILMS 

Y.J.Li.  J.Q.Fan,  Y.Fan,  A.D  Lu,  X.M.Pang  and  D.P. Jiang 
Changchun  Institute  of  Physisc,  Academia  Sinica,  Changchun  130021.  P.R. China 
G.H.Jin.  L.Zhang.  B.Wang,  and  Y.L.Song 
Dept.  Of  physics,  Harbin.  Institute  of  Technology  Harbin  150006,  P.R. China 

Recently,  the  third  order  c^tical  nonlinearity  and  optical 
bistability  of  derivatives  of  phthalocyanine  have  been  found  and 
investigated'* '  . 

In  this  paper,  we  report,  for  the  first  time,  that  the  optical 
bistability  in  the  optical  waveguide  coated  with  ncml inear  LB 
films  of  copper  tera-4-(2,4-ditert-ampy Iphenoxy)  phthalocyanine 
(tapCuPc)  have  been  observed  by  53(him  line  of  YAG  Laser  at  room 
temperature . 

In  our  eicperiment.  30  layers  of  tapCuPc  were  d^;>osited  by  the 
LB  technique  onto  the  optical  glass  waveguide  of  K*  ion-exchange 
and  the  four  layer  dielectric  waveguide  c»ated  with  LB  films  was 
foi'med. 

530nm  line  of  YAG  laser  is  used  as  a  light  source.  The  input 
light  with  30-40 |a J/pulse,  pulse  width  of  50ns  and  frequency  of 
2Hz.  is  ceupled  into  the  optical  waveguide  coated  with  the  LP 
films  by  glass  prisms. 

The  intHit  and  output  beams  are  conversed  into  electrical 
signals  and  recoreded  by  storage  oscilloscope. 

The  optical  nonlinearity  and  bistablility  are  observed  in  the 
waveguide  with  LB  films.  The  threshold  of  power  is  about  4m.J  and 
the  swithching  off  time  is  Ins.  when  we  remove  the  LB  films 
coated,  no  optical  nonlinearity  is  observed  in  the  waveguide. 

The  machanism  of  optical  bistability  in  the  waveguide  cxated 
with  LB  films  is  studying. 
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PHOTOCEMICAL  MODULATION  OF  SECOND  ORDER  NONLINEAR  OPTICAL  PROPERTIES 
OF  ALTERNATE  LB  FILMS  CONTAINING  Ru(  II) -BIPYRIDINE  COMPLEXES 

Toshihiko  Nagamura.  Hiroshi  Sakagixihi,and  Taku  Matsuo* 

Electronic  Materials  Laboratories,  Research  Institute  of  Electronics, 
Shizuoka  University,  3-5-1  Johoku,  Hamamatsu  432,  Japan  and  CDepartment  of 
Organic  Synthesis,  Faculty  of  Engineering,  Eyiishu  Ikiiversity,  6-10-1 
Hakozaki,  Higashi-ku,  Fukuoka  812,  Japan 

We  recently  reported  that  a  metal  to  ligand  charge-transfer  (MLCT) 
transition  in  ruthenium(  II) -bipyridine  derivatives  has  the  capability  of 
second  harmonic  generation  (SHG)  in  alternate  LB  films. ^  Now  we  report  that 
we  can  modulate  photochemically  the  SIKJ  of  such  IB  films  by  a  UV  leiser.  * 

A  mixture  of  (N,N’-dioctadecyl-4,4'-dicarboxamide-2-2*-bipyridine)- 
bis( 2, 2’ -bipyridine )rutheniLBn( II)  perchlorate  (abbreviated  to  RuClSB)  and 
dioctadecyldimethylammonium  bromide  (2C18NB)  with  a  molar  ratio  of  1:4  was 
deposited  alternately  with  2C18NB  Edone  at  25  *C  and  20  mN*  m"^  in  the 
presence  of  dextranesulfate  polyanion.  Thirty  dye  layers  were  deposited  on 
each  side  of  a  glass  slide  treated  with  a  silane  coupling  agent.  The  second 
hamonic  signal  from  LB  films  irradiated  with  an  Nd:YAG  laser  at  1064  nm  (100 
mJ/cm* )  was  detected  with  a  photomultiplier  throui^  aqueous  CuS04  solution 
and  IRA-25S(IR-cut)  filters  aivi  a  monochromator.  In  some  cases  LB  films 
containing  Ru(II)  complexes  were  excited  by  the  third  haniionic(355  nm,  0.1- 
10  mJ/cm*)  of  an  Nd:YAG  laser  10  ns  before  irradiat.ion  of  a  1064  nm  pulse. 

The  intensity  of  second  harmonic  lii^t  observed  from  alternate  LB 
films  containing  Ru(II)  complexes  was  decreased  bj’^  exciting  at  355  nm.  The 
SHG  could  be  modulated  reversibly  for  many  times  as  shown  in  Fig.  1  (# 
without  and  O  with  355  nm  laser).  The  extent  of  the  decrease  in  SHG 


refractive  indices,  and  by  the  possible  TImtS  Of  excitation 

absorption  of  532  or  1064  ran  lij^t  at  the 

excited  state.  From  detailed  experiments,  we  have  excluded  these 
possibilities.  The  observed  molulation  of  SHG  can  be  ascribed  to  the  change 
in  molecular  hyper-polarizalibity  for  the  ground  and  the  e»3ited  state. 

1)  H.  Sakaguchi,  T.  Nagaosira  et  al,  rhem.  Lett.,  1715  (1989).  2)  idem, 

submitted  to  Jfxi.  J.  Appl.  Fhys.  PL.  2,  Lett. 
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SECOND-ORDER  NONLINEAR  OPTICAL  LANGMUIR-BLODGETT  FILMS  OF  PYRAZINE  DERIVATIVES 
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Engineering  Sciences,  Kyushu  University,  Kasuga-shi,  Fukuoka  816,  Japan 
^Department  of  Applied  Chemistry,  Faculty  of  Engineering, 

Kyushu  University,  Hakozaki,  Fukuoka  812,  Japan 

The  Langmuir-Blodgett  (LB)  technique  is  a  promising  method  for  the  fabri¬ 
cation  of  thin  films  with  noncentrosymmetric  molecular  orientation;  one  can 
obtained  a  noncentrosymmetric  LB  film,  so-called  hetero-Y  type  film,  by  alter¬ 
nating  deposition  of  two  different  monolayers. 

Pyrazine  derivatives  (1,2  and  3)  have  large  molecular  hyperpolarizability 
$  comparable  to  that  of  p-nitroaniline.  Moreover,  the  degree  of  molecular 
orientation  in  the  pyrazine  derivative  LB  films  is  very  high.  Thus,  we  expect 
that  high-performance  noncentrosymmetric  LB  films  for  nonlinear  optics  will  be 
obtained  by  use  of  an  alternating  deposition 
arachidic  acid. 

Noncetrosymmetric  LB  films  were  fabri¬ 
cated  using  two-compartment  Langmuir  through. 

Monolayers  of  a  pyrazine  derivative  and 
arachidic  acid  were  spread  on  each  compart¬ 
mentalized  subphase  of  a  BaCl2  aqueous  solu¬ 
tion,  and  then  were  deposited  on  fused  quartz 
substrates  in  up  stroke  and  down  stroke, 
respectively. 

Spectroscopic  and  X-ray  diffraction 
studies  on  the  alternating  LB  film  of  1 
predominantly  oriented  normal  to  the  film  plane 

Second-order  optical  nonlinearity  in  the  LB  films  was  examined  by  a 
second-harmonic  generation  (SHG)  measurement  using  a  Q-switched  Nd,YAG  lauier. 
The  SH  intensity  from  the  noncentrosymmetric  LB  films  of  1  quadratically 
increased  with  the  film  thickness  up  to  200  bilayers  (  lyu^m).  The  quadratical 
dependence  demonstrates  that  the  noncentrosymnetric  molecular  orientation 
preserved  in  the  LB  film  with  thickness  enough  for  the  application  to  the 
nonlinear  waveguide.  From  the  SH  Intensity,  the  second-order  susceptibility  of 
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the  LB  film  was  estimated  to  be  1  x  10  esu. 

Second-order  optical  nonlinearity  in  noncentrosynnietric  LB  films  of  other 
pyrazine  derivatives  (2  luid  3)  will  be  also  discussed  in  this  presentation. 


of  pyrazine  derivatives  and 

C,2H250-O-i5c00H 

1 

2 

Ci2H25S-O-C'^=Ch/5<^00H 

3 

proved  that  molecules  were 
in  the  LB  film. 
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NEW  TRENDS  AND  PROSPECTS  IN  CONDUCTING  LB  FILMS 
by  Michel  VANDEVYVER 
CEA/Saclay,  SCM 

Bat.  125,  91191  GIF  SUR  YVETTE  CEDEX  (France) 

Since  the  discovery  in  1984  of  a  method  leading  to  conducting  LB 
films,  many  kind  of  conducting  films  have  been  fabricated.  We  present  a 
survey  of  the  state  of  art  in  this  field.  So  far,  derivatives  of  well  known 
electroactive  nuclei  (as  TCNQ,  TTF  or  dmit)  have  been  used  as  brick  stone 
components  for  that  purpose.  Methods  used  to  obtain  the  necessary 
conditions  (in  plane  crystallization  together  with  mixed  valence  state)  ere 
briefly  listed  together  with  the  main  results  obtained  to  date.  Despite  the 
fact  that  characterization  methods  for  both  structural  and  textural 
investigations  of  films  are  generally  available,  very  often  the  following 
questions  are  still  unanswered  :  are  we  dealing  with  true  LB  films  ?  To 
what  extent  the  macroscopically  2D  crystallization  of  films  can  be 
checked  ?  and,  more  precisely  :  what  is  the  intrinsic  (i.e.  local)  character 
of  the  crystallization  (ID  or  2D)., 

In  the  course  of  the  lecture,  we  report  recent  works  developped 
in  Saclay  in  order  to  obtain  one  at  least  of  the  following  properties  1) 
Highly  conducting  indeed  metal  like  films,  2)  Intrinsically  (or  local)  two 
dimensional  material.  3)  Getting  a  true  conducting  bilayer. 

In  a  first  step,  BEDT  derivatives  possessing  two  aliphatic  chains 
both  grafted  at  the  same  end  of  the  electroactif  nucleus  have  been  used. 
Hence  in  the  resulting  films,  the  conjugated  systems  stand  on  edge  with 
their  long  axis  perpendicular  to  the  support.  After  a  controlled  oxidation 
by  iodine  vapour,  films  are  obtained  as  conducting  sheets  ihe  dc 
conductivity  of  which  is  close  to  0.2  Slemens.cm"1  at  room  temperature. 

The  point  is  that  such  a  structure  is  especially  designed  to 
mimic  the  sheet  like  molecular  array  of  classical  (BEDT}2l3  highly 
conducting  or  even  supraconducting  bulk  crystal.  In  addition  an 
encouraging  result  comes  from  a  careful  spectroscopical  investigation  of 
films  :  the  stoichiometries  are  basically  the  same.  In  contrast,  the 
intrinsic  (i.e.  local)  nature  of  the  conductivity  (1  or  2D)  is  still  completely 
unknown.  Moreover  the  dc  conductivity  abruptly  decreases  as  the  number 
of  superimposed  monolayer  decreases  and  a  bilayer  thick  film  is  found  to 
be  an  insulator.  Such  a  behaviour  is  understood  in  terms  of  superimposed 
conducting  domains  separated  by  more  or  i»ss  insulating  boundaries. 


Basically  different  properties  are  currently  obtained  by  the  use 
of  homodoped  TCNQ  containing  films.  The  homodoping  strategy  consists  in 
mixing  in  the  same  monolayer  neutral  amphiphilic  oc^decyl  TCNQ 
(OD-TCNQ)  together  with  the  anion  radical  semi  amphiphilic  TCNQ  salts 
for  example  octadecylsulfonium+  TCNQ**  (ODS-TCNQ).  Hybrid  stacks  are 
obtained  in  that  way.  The  average  electronic  charge  of  TCNQ  (and  hence  the 
conductivity)  can  be  accurately  adjusted  by  properly  choosing  the 
molecular  ratio  of  the  individual  components.  The  corresponding 
compression  isotherm  curves  exhibit  a  basically  different  behaviour  from 
the  one  of  pure  anion  radical  semi  amphiphilic  salts  :  no  plateau  regime 
attributed  to  a  2D  3D  crystallisation  is  observed.  This  Is  understood  in 
terms  of  a  strong  interaction  between  neutral  TCNQO  and  radical  anion 
TCNQT  In  that  way  electron  conducting  bIlayer  thick  films  can  de  built 
very  easily.  The  highest  corresponding  values'  of  the  room  temperature 
conductivity  is  found  to  be  ca  0,01  Siemens.cm""! . 

In  this  lecture  we  emphasis  the  crucial  role  of  IR  spectroscopy 
in  investigating  conducting  films.  This  is  basically  related  to  the  extreme 
sensitivity  of  IR  absorption  on  interaction  between  conduction  electrons 
and  molecular  .  vibrations  of  electroactive  nuclei.  In  addition  we  suggest 
new  ^prospect  arising  from  in  plane  oriented  films  together  with  the 
possible  diffusion  into  built  up  LB  films  of  relatively  large  electroactive 
nuclei. 
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NEW  DEVELOPMENTS  IN  THE  LANGMUIR-BLODGETT  MANIPULATION 

OF  ELBCTROACTIVE  POLYMERS 

J.  H.  Cheung,  E.  Punkka,  M.  Rikuka^a,  R.  B.  Rosner,  A.  T. 

Royappa,  M.  F.  Rubner,  Department  of  Materials  Science  and 
Engineering,  Massachusetts  Institute  of  Technology, 

Cambridge,  MA  02139 

New  monolayer  forming  systems  based  on  a  number  of 
different  electrically  conductive  polymers  have  been  utilized 
to  fabricate  Langmuir-Blodgett  (LB)  thin  films  with  well 
defined  multilayer  organizations.  For  example,  multilayer 
thin  films  based  on  acid  functionalized  polythiophene  and 
polyaniline  molecules  have  been  fabricated  from  polyion 
complexes  formed  between  the  acid  groups  of  the  conjugated 
polymer  and  stearylamine .  Monolayers  of  these  complexes  have 
been  found  to  form  highly  anisotropic,  well  ordered  Y-type  LB 
films  in  which  the  conducting  polymer  chains  are  ionically 
bound  to  the  head  groups  of  the  surface  active  stearylamine 
molecules.  LB  monolayers  of  unsubstituted  polyanilines  have 
also  been  formed  into  Z-type  multilayer  films  through  the 
direct  manipulation  of  the  emeraldine  base  form  of 
polyaniline  and  a  small  fraction  of  a  processing  aid  such  as 
acetic  acid.  In  this  case,  it  is  possible  to  form 
electrically  isotropic  multilayer  films  that  essentially  only 
contain  polyaniline  chains.  New  techniques  for  the  synthesis 
of  electrically  conductive  chains  of  polypyrrole  in  the 
hydrophilic  planes  of  preformed  multilayer  LB  films  have  also 
been  developed.  All  of  these  new  generation  conducting 
polymer  based  LB  films  are  highly  ordered  and  exhibit 
electrical  conductivities  in  some  cases  as  high  as  10  S/cm. 
The  availability  of  a  wide  range  of  conducting  polymer  based 
monolayer  systems  means  that  it  is  now  possible  to  fabricate 
new  thin  film  heterostructures  of  conducting  polymers  with 
layer  sequences  that  are  controlled  at  the  molecular  level. 
The  structures  and  electrical  and  optical  properties  of  these 
new  LB  films  and  a  number  of  new  heterostructures  based  on 
them  will  be  discussed. 
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THE  HOMODOPING  ,  rRATEG Y  TOWARDS  LB  CONDUCTING  FILMS : 

MIXTURE  OF  AMPHIPHILIC  OCTADECYL  TCNQ  WITH  VARIOUS 
SEMI-AMPHMnUC  TCNQ  SALTS 

l:f.£.QURGQirf.  A  RUAUDEL-TEDOER®,  M  VANDEVYVER®,  M  ROULUAY®, 

A  BARRAUD®,  M  LEQUAN*  and  R-M  LEQUAN* 

“  C.E.A.,  Service  de  Chimic  Moldculaire,  CJE.SACLAY  91191  Gif  sur  Yvette  Cedex  (France) 
♦E.S.P.C.I.  10,  me  Vauquelin,  PARIS  5  -  (France) 

An  homodoping  strategy  leading  to  conducting  LB  hybrid  films  without  any  further 
doping  treatment  is  investigated,  ’ilie  method  consists  of  mixing,  within  the  same  layer,  semi- 
amphiphilic  and  amphiphilic  derivatives  of  the  same  electroactive  nucleus  (here 
tetracyanoquinodimethane  (TCNQ),  which  appears  as  radical  anion  in  the  semi-amphiphilic 
compound  and  as  neutral  species  in  the  amphiphilic  one ). 

In  recent  experiments,  the  polar  head  of  the  aliphatic  cation  was  varied  in  the  semi-amphiphilic 
compound  .  The  preliminary  results,  which  will  be  briefly  presented,  are  very  close  to  those 
previously  reported  on  the  mixmre  octadecyl-dimethyl-sulphonium  TCNQ  (ODS  TCNQ)  - 
octadecyl  TCNQ(1).  Hence,  we  believe  that  this  method  may  be  a  general  one.  However,  the 
pnoperties  of  the  hybrid  films  slightly  depend  on  the  nature  of  the  cation.  In  the  present  work  we 
compare  hybrid  films  of  ODS  TCNQ  -  octadecyl  TCNQ  on  one  hand  and  N-docosyl- 
pyridinium(NDP)  TCNQ-octadccyl  TCNQ  on  the  other  hand.  Both  type  of  films  exhibit  a  similar 
behaviour  at  the  air-water  interface,  a  high  t^tical  quality  and  a  similar  variation  of  the  conductivity 
with  the  molecular  ratio  of  the  amphiphilic  and  semi-amphiphilic  TCNQ  derivatives,  which 
monitors  the  average  electronic  charge  per  TQ^Q  nucleus:  the  curve  of  the  conductivity  of  both 
type  of  films  bears  a  maximum  for  a  molecular  ratio  of  approximately  two  amphiphilic  neutral 
TCNQ  to  one  semi-amphiphilic  radical  anion  TCNQ.  However,  the  shape  of  the  curve  appears  to 
differ.  In  addition,  for  this  given  2-1  molecular  ratio,  the  variation  of  the  conductivity  per  layer 
with  the  number  of  superimposed  layers  is  quite  different  in  the  two  case:  whereas  for  hybrid  films 
based  on  NDP  TCNQ  the  conductivity  per  layer  decreases  drastically  below  6-8  layers,  in  contrast 
for  the  films  based  on  ODS  TCNQ  the  conductivity  per  layo*  is  almost  constant  down  to  one 
bilayer  and  remains  non  zero  for  a  single  monolayer.  These  results  will  be  presented  and  discussed 
together  with  some  questions  which  remain  unanswered  to  date  such  as:  -  why  does  the  dc 
conductivity  decrease  when  the  samples  are  stored  in  the  air  at  room  temperature?  -  why  does  it 
exist  a  discrepancy  between  the  order  of  magnitude  of  the  conductivity  deduced  from  the  infrared 
behaviour  and  the  rather  low  value  of  the  dc  conductivity  (10-2  s/cm  in  the  best  case)  ? 

(1)  A.Ruaudel-Teixier,  M.  Vandevyver,  M.  Roulliay,  J.  P.  Bourgoin, 

A  Barraud,  M.  Lequan,  R.  M.  Lequan,  L  Ebxs.  D,  Appl.  Phvs.  (23),  987  (1990) 
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ELECTRON  TRANSPORT  ACROSS  ORGANIC  QUANTUM  WELLS- 
NEW  RESULTS  ON  AMPHIPHILIC  PHTHALOCYANINES 


K  J  Donovan,  K  Scott,  R  V  Sudiwala  and  E  G  Wilson 
Physics  Department, 

Queen  Mary  and  Westfield  College, 

Mile  End  Rd. , 

London  El  4NS.  U.K. 

R  Bonnett  and  R  F  Wilkins 
Chemistry  Department, 

Queen  Mary  and  Westfield  College, 

Mile  End  Rd. , 

London  El  4NS.  U.K. 

D. A. Batzel  and  M.E.  Kenney 
Department  of  Macromolecular  Science, 

Case  Western  Reserve  University, 

Cleveland. 

Ohio  44106,  U.S.A. 

R  Paradise 

Department  of  Biophysics  and  Electronic  Engineering, 

University  of  Genoa 
via  All ’Opera  Pia  11  A 
16100  Genoa,  Italy 

Two  new  phthalocyanine  molecules,  Tetra- tertiary-butyl 

phthalocyanine-monosulphonic  acid  (1)  and  a  two  ring  phthalocyanine, 

(H0)SiPc0-SiPc(0Sl(n-C,H  ^)^),  have  been  synthesised  and  demonstrated  to  be 
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well  behaved  conjugated  ring  compounds  for  forming  Langmuir-Blodgett  films. 

These  molecules  have  been  deposited  as  multilayers  and  characterised 
optically  and  electronically. 

Charge  transport  perpendicular  to  the  plane  of  the  layers  has  been 
measured.  The  results  demonstrate  that  photocreated  carriers  in  the 
films  move  across  up  to  32  layers.  The  layers  can  be  considered  as 
quantum  wells  of  high  electron  affinity  (the  conjugated  ring) 
separated  by  regions  of  low  affinity.  Initial  results  suggest  that  the 
tunnelling  between  neighbouring  wells  is  of  the  order  of  Ins  for  both 
molecules. . 

Using  a  25  picosecond  laser  pulse  to  generate  charge  on  the 
conjugated  region  of  the  molecular  layers,  subsequent  interlayer 
motion  is  observed  with  fast  electronics  as  a  build  up  of  charge  on 
electrodes  sandwiching  the  quantum  wells.  This  build  up  of  charge  is 
seen  to  occur  over  longer  times  as  the  number  of  layers  is  increased 
thus  indicating  that  the  charge  which  is  created  uniformly  in  the 
wells  travels  across  all  the  layers. 

We  may  define  a  sensitivity  S  as  the  number  of  electrons  circulated  in  the 
external  circuit  per  absorbed  photon.  S  varies  linearly  with  (N-1),  where  N  is 
the  layer  number.  The  total  charge  collected,Q,  depends  on  the  product  of  the 
quantum  efficiency  for  carrier  pair  creation,  ii,  the  probability  that  the 
carrier  pair  seperate  in  an  applied  field,  and  the  distance  that  the 
charges  seperate,  s.  The  value  of  t)^s  is  reported  auid  a  value  for  obtained 
by  putting  s  ■  (N-l)a  where  a  is  the  layer  seperation. 

At  high  light  intensities  Q  varies  as  the  square  root  of  light 
intensity,  i.idicating  that  bimolecular  recombination  of  electrons  and 
holes  is  occur ing  during  the  interwell  transport  once  a  critical 
carrier  density  is  exceeded.  Q  varies  linearly  with  applied  field  at 
low  field  reflecting  the  field  dependence  of  the  escape  probability, 

^(E).  At  high  field  this  dependence  becomes  superlinear. 

(1)  British  Patent  Application  21/12/90 
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ELECTRICAL  PROPERTIES  OF  LB  FILMS  OF  A  Nl(dmit)2 
CHARGE-TRAiJSFER  COMPLEX 

C.  Pearson*.  A.  S.  Dhlndsa"***,  M.  R.  Bryce** 
and  M.  C.  Petty" 

•Molecular  Electronics  Group,  School  of  Engineering  and  Applied  Science, 

**Departinent  of  Chemistry, 

University  of  Durham,  Diurham,  DHl  3LE,  U.K. 

There  is  currently  growing  Interest  In  the  production  of  electrically 
conducting  multilayer  Langmuir-Blodgett  films.  Much  of  the  work  has  been 
concerned  with  charge-transfer  complexes  of  amphiphilic  derivatives  of 
electron  donors  such  as  tetrathiafulvalene  (TTF)  and  acceptors  like 
tetracyanoquinodime thane  (TCNQ) .  Recently,  Nakamura  et  al*'  have  described  the 
formation  of  thin  films  of  trldecylmethylammoniuiii-Au(dmit)2  complex  (H2dmit 
-  4,5-dimercapto-l,3-dithiol-2-thione).  After  doping,  these  layers  exhibited 
a  metallic  temperature  dependence  of  conductivity  above  200K.  We  now  report 
a  preliminary  investigation  into  the  electrical  properties  of  a  new  Ni(dmit)2 
charge  transfer  complex,  namely  (H-octadecylpyridinitjm)2“Ni(dmit)2. 

The  synthesis  and  LB  film  formation  of  the  Ni(dmlt)2  complex  has  been 
reported  previously^.  Direct  current,  lateral  conductivity  was  measured, 
using  a  two  probe  technique,  over  the  temperature  range  100-300K,  both  before 
and  after  doping  with  iodine  vapour.  In  both  cases  the  conductivity  was  found 
to  be  thermally  activated.  Before  doping,  the  current  versus  voltage 
characteristic  was  linear  with  a  room  temperature  conductivity  of  6x10"®  Scm"^. 
The  log(current)  versus  reciprocal  temperature  behaviour  was  found  to  be  quite 
complex  showing  a  number  of  discrete  activation  energy  regions.  After  doping, 
the  conductivity  was  observed  to  increase  with  time  over  a  few  hours,  reaching 
a  maximum  in  the  range  0.2  -  0.8  Scm"^.  The  current  versus  voltage 
characteristics  for  doped  samples  generally  exhibited  a  power  law  behaviour, 
suggesting  the  injection  of  space-charge  into  the  films.  The  electrical  data 
have  been  interpreted  in  terms  of  ideas  put  forward  by  Roberts  and 
Schmidlin^'* . 
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CONDUCTING  LB  FILMS  OF  BINARY  MIXTURES  OF 
DONOR  AND  ACCEPTOR  MOLECULES 

S.  V.  Ayrapet  i ants,  T.S.  Berzina.  S.  A.  Shikin  and  V.  I .  Tro i  tsky 
Research  Institute  of  Physical  Problems,  103460  Moscow,  USSR 

Conducting  films  of  high  quality  can  be  deposited  from 
the  surface  of  pure  water  when  using  the  mixtures  of  neutral 
surfactant  donor  and  acceptor  molecules.  Conductance  arises 
without  doping,  and  the  values  of  conductivity  do  not  change 
usually  for  a  long  time.  Results  on  the  investigation  of  the 
multilayers  prepared  from  six  different  combinations  of  donor 
and  acceptor  molecules  are  presented  here.  The  donor  molecules 
of  heptadecyldimethyl tetrathiaful valene  (  Cir-DMTTF  ),  hexa- 
decy 1 b i s ( ethyl enedi th i o) tetrath iaful val ene  (  Ci»-BEDT-TTF  )  , 
and  hexadecyi  ethylenedi thi opr opyl enedi thiotetrath iaful valene 
(Cio-EDT-PDT-TTF)  in  the  mixtures  with  acceptor  molecules 
hexadecyi tetracyanoquinodimethane  (Ci®-TCNQ)  and  2-heptadeca- 
oxycarbonyl tetracyanoanthraquinodimethane  (Cit-OC-TCNAQ)  were 
used. The  relationships  between  composition  of  the  mixture,  con¬ 
ditions  of  the  film  preparation,  structure  of  the  multilayers 
obtained  on  the  one  hand  and  electrical  properties  of  the 
films  on  the  other  hand  were  ascertained. Temperature  dependen¬ 
ces  of  conductivity  were  measured.  The  changes  of  structure  and 
morphology  under  temperature  variations  were  recorded  by  means 
of  electron  diffraction  and  electron  microscopy.  Field  effect, 
i.e.  variation  of  conducting  film  resistance  under  the  elect¬ 
ric  field  influence  was  studied  as  well. 

Irreversible  changes  of  conductance  under  annealing  at 
temperatures  in  the  interval  between  305  and  320  K  for  the 
films  of  mixtures  of  donor  compounds  with  Ci»“TCNQ  take  place. 
When  annealing  of  the  sample  is  produced  at  305-307  K  small 
decrease  of  conductance  happens.  Electron  diffracion  patterns 
show  that  the  films- become  amorphous.  Strong  increase  of  con¬ 
ductance  occurs  if  the  temperature  is  maintained  at  307- 
315  K.This  is  caused  by  recrystallization  of  the  film  and  imp¬ 
rovement  of  the  crystalline  order  without  deterioration  of  the 
multilayer  morphology.  Decrease  of  conductance  after  heating 
above  315  K  occurs  due  to  formation  of  large  crystals,  so  that 
finally  the  film  can  become  discontinuous.  Activation  energy 
changes  after  anneal ing.  This  change  seems  to  be  caused 
by  modification  of  boundaries  between  the  crystallites. 

Stabilization  of  conductivity  value  and  its  increase  for 
the  mixed  films  of  Ct«-BEDT-TTF  and  Cte-TCNQ  occure  after  a 
short  treatment  of  the  sample  in  hexane,  it  appears  that  two 
crystalline  phases  arise  in  the  multilayer.  One  phase  is  dis¬ 
solved  in  hexane,  and  the  second  forms  a  continuous  uniform 
film  without  the  change  of  its  crystalline  structure. 

Measuring  of  field  effect  permitted  us  to  draw  a  conclu¬ 
sion  about  the  nature  of  carriers  as  well  as  about  their  sur¬ 
face  concentration  and  mobility  in  the  films  of  Cie-BEDT-TTF 
and  Cie-TCNQ  mixture  .  Output  and  transfer  characteristics  of 
the  devices  prepared  were  measured.  The  carriers  are  holes. 
Using  a  simplified  theory  the  value  of  mobility  was  found  to 
be  equal  to  1  cm»/(V  s).  The  surface  concentration  of  carrier.^ 
equals  approximately  10"’*  cm"*  .  Temperature  dependence  of 
field  effect  was  measured  also. 


Chemistry  in  mono  and  multilayers 
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ELECTROCHEMICAL  STUDIES  OP  SELF-ASSEMBLED  MONOLAYERS 
Mark  S.  Wrighton.  Ingrid  Fritsch-Faules,  Eric  Wollman,  Daniel  Prisbie 

Department  of  Chemistry,  Massachusettts  Institute  of  Technology, 
Cambridge,  Massachusetts  02139  USA 

Thiols,  disulfides,  isonitriles,  and  dithiocarbamates  interact  strongly 
with  Au  and  Ft  electrodes.  The  coordination  of  redox  active  molecules  to 
electrode  surfaces  via  such  ligating  groups  leads  to  the  ability  to  tailor  the 
electrodes  for  purposes  ranging  from  electrocatalysis  to  sensor 
applications.  The  electrochemical  behavior  of  self-assembled  monolayers 
containing  redox  active  molecules  will  be  reported  for  assemblies  confined 
to  microfabricated  Pt  or  Au  microelectrodes.  Similar  coordination  to 
macroscopic  Pt  or  Au  occurs,  but  the  emphasis  on  the  microelectrodes 
follows  from  interests  in  controlling  chemistry  in  very  small  dimensions. 

Two  aspects  of  the  characterization  of  microelectrode-confined  molecular 
assemblies  will  be  covered:  (1)  surface  science  characterization  (SIMS, 
Auger,  and  XPS)  to  establish  the  selective  binding  of  the  molecules  to  the 
Au  or  Pt  and  not  the  insulating  substrate  and  (2)  electrochemical  studies  to 
establish  durability,  coverage,  and  aspects  of  interfadal  phenomena  such 
as  electron  tranfer  rates  involving  the  surface-confined  redox  center.  Many 
of  the  surface-confined  molecular  systems  to  be  considered  involve 
ferrocene  derivatives  having  highly  reversible  oxidation  processes  which 
can  be  used  to  assay  coverage.  When  two  ferrocene  derivatives  have 
different  redox  potnetials  it  is  possible  to  use  electrochemical  techniques  to 
quantitatively  assay  competitive  uptake  of  the  two  molecules  and  to  study 
exchange  processes  of  the  surface-confined  molecules. 


E01 


ELECTROCHEMISTRY  AT  THE  AIR/WATER  INTERFACE.  LATERAL  DIFFUSION 
AND  PHASE  TRANSITIONS  IN  LANGMUIR  MONOLAYERS  OF  OCTADECYL 

FERROCENE  AMPHIFHILBS . 

Deborah  H.  Charych  and  Marc in  Majda 

Department  of  Chemistry 
University  of  California  in  Berkeley 
Berkeley,  CA  94720 
U.S.A. 


A  two-dimensional  electrochemical  experiment  has  been  developed  to 
probe  the  dynamics  of  lateral  diffusion  and  charge  transport  in  Langmuir 
monolayers . 

Experiments  reported  here  rely  on  purposefully  designed 
microelectrodes  which  can  be  positioned  in  the  plane  of  the  air/water 
interface,  and  which  act  as  line  electrodes  probing  a  2-D  system  of  redox 
species.  Physically,  a  microelectrode  consists  of  a  500  A  wide,  0.1  cm 
long  band  of  gold  produced  by  fracturing  a  section  of  a  glass  slide  with  a 
0.1  cm  wide  strip  of  gold  vapor-deposited  on  its  surface.  Before 
fracturing,  the  gold  and  glass  surfaces  are  coated  with  a  self-assembled 
monolayer  of  octadecylthiol  and  octadecyltrichlorosilane,  respectively. 
When  positioned  at  the  water  surface,  the  high  gradient  of  wettability 
between  the  clean,  hydrophilic  gold  of  the  micro-band  and  the  hydrophobic, 
monolayer-coated  gold  surface  defines,  along  a  single  line,  the  coexistence 
front  of  three  phases.  It  is  this  line  that  plays  the  role  of  a  one¬ 
dimensional  electrode  addressing  a  monolayer  at  the  air/water  interface. 
The  reduction  of  dimensionality  in  these  2-D  electrochemical  experiments 
does  not  effect  the  shape  of  2-D  cyclic  voltammograms . 

Investigations  of  N-octadecyl- (ferrocene  carboxamide),  (CisFc)  and 
its  dioctadecyl  analogue  on  perchloric  acid  subphase  involved  determination 
of  the  lateral  diffusion  coefficients  as  a  function  of  surface 
concentration  by  chronoai^erometry .  We  observed  a  decrease  of  D  from  ca. 

6  X  10  cm  /s  to  2  X  10”  cm^/s  when  the  surface  concentration  of  CigFc  was 
increased  from  5  x  10^“  to  3.6  x  10'^°  mol/cm^.  This  result  reflects  an 
expected  decrease  of  monolayer  fluidity  when  it  is  compr  ed.  The  same 
behavior  was  observed  when  a  CigFc  monolayer  was  iluted  with 
octadecylhydroxide  (CisOH) .  Further  analysis  of  these  data  involved  the 
Cohen-Turnbull  theory  of  diffusion  in  hard-sphere  fluids  (J.  Chem.  Phys. 
1970,  52.,  3038)  .  According  to  this  theory,  molecules  move  with  a  gas 
phase  velocity,  u,  whenever  fluctuation  of  density  creates  a  void  in  a  cage 
of  their  residence: 

D  •  g  u  O  (A*  +  Aj/f)  exp(-Y  A*/Af)  (1) 

Here,  g  is  a  geometric  factor;  A,  and  A*  are  the  free  area  per  molecule  and 
the  critical  free  area  per  molecule  above  which  the  system  behaves  purely 
randomly  (gas-like  behavior) ;  and  y  is  a  numerical  parameter  with  a  value 
between  0.5  and  1.  When  A*  «  A^/y,  ecjuation  1  reduces  to  a  direct 
proportionality  of  D  and  A^: 

D  =  g  u  a  A./y  (2) 

In  physical  terms  the  latter  limit  assumes  that  no  minimum  free  area  is 
needed  for  lateral  diffusion  to  take  place  and  the  system  is  fluid  at  all 
levels  of  void  area  greater  than  zero. 
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Homo-epitaxy  of  diacetylene  vapor  deposition 
film  on  an  oriented  Langmuir  monolayer 

Yasushi  TOMIOKA  and  Shuji  IMAZEKI 

Advanced  Research  Laboratory,  Hitachi  Ltd. 

Hatoyama,  Saitama  350-03,  Japan 

Polydiacetylenes  are  well-known  as  ir-conjugated  one-dimensional  crystalline  poly¬ 
mers  having  attractive  properties,  e.g.,  large  third-order  optical  susceptibility  and  high 
electron  mobility.  We  have  previously  reported  that  a  highly  inplane-oriented  Langmuir 
monolayer  can  be  easily  fabricated  using  soluble  urethane-substituted  polydiacetylenes 
at  the  air-water  interface.^  The  r-conjugated  backbone  of  the  polydiacetylene  in  this 
monolayer  is  oriented  perpendicularly  to  the  direction  of  uniaxial  compression  through 
its  coil-to-rod  phase  transition  at  the  air-water  interface.  Further,  this  highly-oriented 
monolayer  has  been  confirmed  to  exhibit  relatively  good  crystallinity.  Thus,  we  expect 
that  this  highly-oriented  polydiacetylene  monolayer  is  well-suited  for  substrates  of  or¬ 
ganic  epitaxy,  especially  for  fabricating  topochemically  polymerizable  polydiacetylene 
thin  films. 

We  report  here  the  preparation  and  characterization  of  well-oriented  thin  films  of 
poly-3BCMU  grown  by  epitaxy  of  its  monomer  on  the  highly-oriented  poly-3BCMU 
monolayer  as  shown  in  fig.l.  Structures  and  morphology  of  poly-3BCMU  vapor  deposi¬ 
tion  films  on  the  substrate  of  the  highly-oriented  monolayer  were  investigated  using  po¬ 
larized  absorption  spectroscopy,  X-ray  diffraction,  and  optical  and  electron  microscopy. 

As  a  result,  there  was  evidence  of  uniaxial  oriented  overgrowth  “epitaxy”,  i.e.,  the 
TT-conjugated  backbone  of  the  overgrown  poly-3BCMU  thin  film  is  aligned  in  the  same 
direction  as  that  of  the  underlying  oriented  poly-3BCMU  Langmuir  monolayer.  The 
dichroic  ratio  calculated  directly  from  the  ratio  of  the  excitonic  peak  heights  was  about 
14,  as  shown  in  fig.2.  The  two-dimensional  lattice  matchings  between  the  interfacing 
lattice  periodicities  of  the  overgrown  poly-3BCMU  thin  film  and  the  underlying  poly- 
3BCMU  monolayer  were  well  within  the  accepted  limits  for  epitaxy.  Epitaxial  growth 
in  these  cases  can  be  thought  to  result  from  two-dimensional  lattice  matchings. 


Fig.  1  Structure  of  poly-3DCMU..  Fig.  2  Polarized  absorption  spectra. 

^Y.  Tomioka,  S.  Iinazcki  and  N.  Tanaka,  Ciiem.  Piiys.  Lett.,  174  (1990)  433. 
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POLYMERIZATION  OF  2-ALKYL  ANILINES  ON  THE  LB  TROUGH:  REAL  TIME 
INVESTIGATION  OF  THE  POLYMERIZATION  OF  A  CONDUCTING  POLYMER 

CONRNED  TO  TWO  DIMENSIONS 

R.  S.  Duran.  H.  C.  Zhou 

department  of  Chemistry,  Univ.  of  Florida,  Gainesville,  FL  3261 1 ,  USA 


Polyaniiine  is  a  material  that  has  attracted  considerable  interest 
recently  due,  in  part,  to  the  fact  that  it  is  an  air  stable  electrically 
conducting  polymer.  Unfortunately,  in  the  conducting  form  polyaniiine  is 
generally  insoluble  and  infusible  making  it  difficult  to  characterize. 
Functionalization  of  polyaniiine  with  tong  alkyl  side  chains  makes  this 
polymer  soluble  in  common  organic  solvents  and  surface  active  at 
air/aqueous  interfaces. 

We  have  been  studying  the  behaviour  of  some  2-alkyl  anilines  and 
their  polymers  at  the  air/aqueous  interface  on  a  LB  trough.  These 
monomers  can  be  chemically  polymerized  on  the  trough.  Furthermore,  we 
have  been  able  to  use  the  trough  as  a  ”two  dimensional  dilatometer”  to 
measure  the  mean  molecular  area  change  and  its  rate  as  the 
polymerization  progresses.  From  this,  we  have  developed  methodology  to 
use  the  LB  trough  as  an  analytical  tool  to  study  environmental  effects  on 
this  polymerization  reaction. 

This  paper  will  discuss  the  polymerization  process  of  the  2-alkyl 
functionalized  anilines  and  the  effects  of  such  variables  as  applied 
surface  pressure,  temperature,  chemical  nature  of  the  subphase,  etc.  on 
this  reaction.  The  length  of  the  alkyl  chain  and  dipping  behavior  will  also 
be  discussed. 
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DEEP  UV  PHOTOCHEMISTRY  OF  CHEMISORBED  MONOLAYERS; 
FABRICATION  OF  PATTERNED  CO-PLANAR  MOLECULAR  ASSEMBLIES 


J.M.  Calvert.  J.M.  Schnur  and  P.E.  Schoen,  Center  for  Bio/Molecular  Science  and  Engineering, 
Code  6090,  Naval  Research  Laboratory,  Washington,  DC  20375-5000. 

M.C.  Peckerar,  Nanoelectronics  Process  Facility,  Code  6804,  Naval  Research  Laboratory, 
Washington,  DC  20375-5000. 

M.S.  Chen,  W.J.  Dressick,  C.S.  Dulcey  and  J.H.  Georger,  Jr.,  Geo-Centers,  Inc.,  Ft. 
Washington,  MD  20744. 

ABSTRACT 

Deep  UV  irradiation  is  shown  to  modify  organosilane  self-assembled  monolayer  (SAM) 
films,  rendering  the  surface  amenable  to  further  SAM  modification.  Optical  and  surface 
spectroscopies  demonstrate  a  photocleavage  mechanism.  Patterned  UV  exposure  of  the  SAM 
film  is  used  to  create  alternating  regions  of  intact  film  and  hydrophilic,  reactive  sites.  The 
exposed  regions  can  undergo  a  second  chemisorption  reaction  to  produce  an  assembly  of  SAMs 
in  the  same  molecular  plane  with  identical  substrate  attachment  chemistry.  The  UV  patterned 
silane  films  can  also  act  as  a  template  for  selective  build-up  of  molecular  units  in  the  z  direction. 

The  organosilane  monolayer  films  were  also  used  as  imaging  layers  for  optical  litho¬ 
graphy.  The  films  were  irradiated  with  patterned  deep  UV  light  and  then  selectively  metallized 
using  electroless  deposition  such  that  a  thin  metal  layer  (200-400  A)  is  deposited  only  in  the 
unexposed  areas.  The  film/metal  assembly  is  a  plasma-impervious  barrier  to  reactive  ion  etching 
which  can  subsequently  be  stripped  from  the  substrate  after  feature  definition.  Features  to  0.25n 
line  width  in  polysilicon,  and  working  transistor  test  structures  have  been  produced  using  this 
process.  The  additively  deposited  metal  can  also  be  employed  as  an  opaque  region  for  mask 
fabrication  or  as  a  conductive  path  for  interconnects. 


Short  and  long  term  applications 
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POSSIBLE  APPLICATIONS  FOR  LANGMUIR-BLODGETT  FILMS 

M  C  Petty 

Molecular  Electronics  Research  Group 
School  of  Engineering  and  Applied  Science 
University  of  Durham 
Durham  DHl  3LE,  UK 


Almost  one  quarter  of  the  papers  presented  at  the  First 
International  LB  Film  Conference  (held  in  Durham  in  1982)  were 
devoted  to  applications;  this  figure  has  remained  at 
approximately  ten  per  cent  for  the  subsequent  meetings.  Despite 
this  attention,  no  large-scale  commercial  use  for  either 
monolayer  or  multilayer  films  has  emerged.  However,  the  LB  is 
technique  is  one  of  the  few  thin  film  technologies  that  actually 
permits  the  manipulation  of  materials  at  the  molecular  level.  It 
should  therefore  be  eminently  suited  to  exploitation  by  workers 
wishing  to  engineer  interesting  materials  or  build  up  novel 
device  structures. 

A  comprehensive  review  of  potential  applications  for  LB  films 
has  been  given  by  Roberts^’\  In  this  paper  we  shall  review  some 
of  the  most  recent  developments.  Of  particular  note  is  the 
increasing  interest  in  the  exploitation  of  biological  bilayer  and 
multilayer  structures;  a  number  of  applications  in  the  area  of 
sensors  are  currently  envisaged.  Work  continues  in  many  of  the 
application  areas  identified  at  previous  conferences.  For 
example,  relatively  thick  (>  100  layers)  asymmetric  films 
possessing  second-order  nonlinear  optical  coefficients  may  now 
be  routinely  produced;  and  waveguiding  has  now  been  demonstrated 
in  active  LB  structures.  The  ability  of  some  films  of  preformed 
polymers  to  bridge  holes  in  porous  substrates  has  led  to  a 
renewed  interest  in  the  area  of  filtration  membranes.  'Real' 
molecular  electronic  devices  based  on  LB  films  remain  elusive. 
Although  there  have  been  a  number  of  reports  of  diode  behaviour 
in  monolayer  and  multilayer  films,  it  has  not  yet  been 
established  unequivocally  that  this  rectification  is  molecular 
in  origin.  (However,  the  means  to  address  such  structures,  either 
optically  or  electrically,  certainly  exists.) 

Despite  the  proliferation  and  diversity  of  ideas,  a  number 
of  problems  currently  frustrate  any  immediate  application  for 
monolayer  and  multilayer  films.  These  include  the  poor  molecular 
alignment  in  many  films,  intermixing  of  molecules  in  some  two- 
component  (alternate-layer)  systems  and,  of  course,  the  (lack  of) 
thermal  stability  of  most  LB  structures.  This  review  will  also 
pay  some  attention  to  these  important  aspects. 

Reference 

1.  G  G  Roberts,  in  'Langmuir-Blodgett  Films'  (ed  G  G 
Roberts),  Plenum  Press  (1990)  317-411 
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LANGMUiR-BLODGETT  FILM  BASED  CHEMICAL  SENSORS 
USING  SECOND-HARMONIC  GENERATION 

S..Draxler  and  M.  E.  Lippitsch 

Institut  fiir  Experimentalphysik,  Karl-Franzens-Universitat  Graz,  A-8010  Graz,  Austria 

This  contribution  is  concerned  with  the  use  of  second-harmonic  generation  in 
Langmuir-Blodgett-films  for  chemical  sensing.  As  is  well  known,  certain  organic  mole¬ 
cules  have  a  high  second-order  optical  polarizability,  a  quantity  depending  sensitively 
on  the  chemical  structure  of  the  respective  molecule.  Modification  of  those  molecules 
by  reversible  interactions  with  chemical  species  alters  the  nonlinear-optical  response 
and  hence  the  second-harmonic  intensity.  This  fact  may  be  applied  as  a  new  principle 
for  chemical  sensing.  For  this  purpose  Langmuir-Blodgett  films  are  superior  to  bulk 
nonlinear  materials  with  respect  to  response  time  as  well  as  ease  of  manufacturing. 

The  suitability  of  this  principle  is  demonstrated  by  the  construction  of  a 
nonlinear-optic  pH  sensor.  The  sensor  element  consisted  of  a  fused  silica  substrate  coa¬ 
ted  with  a  monolayer  of  an  amphiphilic  merocyanine.  A  simultaneously  mode-locked  / 
Q-.switched  Nd-YAG  laser  was  used  as  an  excitation  source.  Secondharmonic  radiation 
was  detected  by  a  photomultiplier  and  boxcar  integrator.  The  intensity  was  measured  in 
comparison  with  a  quartz  reference.  To  study  dye  orientation,  s-  and  p-polarization  was 
used  for  excitation  as  well  as  in  measuring  second  harmonic  radiation.  The  chromo- 
phores  turned  out  to  lie  rather  flat  on  the  surface  and  to  exhibit  a  spontaneous  ordering 
in  domains  large  compared  to  the  wavelengths  involved. 

The  sensor  element  was  immersed  in  a  buffer  solution  and  brought  to  pH  values 
between  1  and  11  while  measuring  second-harmonic  generation,  A  pronounced  change 
in  second-harmonic  intensity  was  observed  near  the  pKa  value  of  the  dye.  correspon¬ 
ding  to  a  change  in  ft  of  about  one  order  of  magnitude,  but  no  major  changes  in  mole¬ 
cular  order.  The  change  was  reversible  and  the  film  remained  stable  for  many  protona¬ 
tion  dissociation  cycles.  Within  ±  1  pH  around  the  pKa  value.  pH  of  the  buffer  could 
be  determined  to  0.1  from  the  second-harmonic  intensity. 
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PYROELECTRIC  ORGANO-RUTHENIUM  LANGMUIR-BLODGETT  FILMS 

M.  W.  Poulter  and  G.G.  Roberts 

Department  of  Engineering  Science,  University  of  Oxford,  Parks 
Road,  Oxford,  0X1  3PJ,  U.K. 

J.  Costello  and  S.G. Davies 

Dyson  Perrins  Laboratory,  University  of  Oxford,  South  Parks  Road,  0X1  3QY, 

U.K. 

The  pyroelectric  effect  in  non-centrosynonetric  Langmuir-Blodgett  (LB) 
films  has  been  widely  reported  and  much  of  this  research  has  been  generated 
with  the  anticipation  that  LB  films  may  one  day  form  the  active  pyroelectric 
layer  in  a  commercial,  uncooled  thermal  imaging  device.  The  realisation  of 
this  goal  will  be  the  result  of  the  systematic  characterisation  of  LB  film 
molecules  which  have  been  iteratively  engineered  to  have  optimum  physical  and 
electrical  properties. 

The  required  flexibility  in  molecular  design  is  exhibited  by  a  class  of 
organo-ruthenium  materials  formed  by  complexation  between  an  organo*ruthenium 
headgroup  and  cyano  terminat  liquid  crystal  molecules.  These  complexes  are 
inherently  thermally  stable  and  form  good  floating  Langmuir  monolayers.  In 
addition  they  possess  a  ground-state  dipole  moment  so  that,  when  deposited  in 
an  alternate,  non-centrosymmetric,  ABAB. .  film  structure,  resulting  multilayer 
films  have  a  spontaneous  polarisation  which  may  give  rise  to  the  pyroelectric 
effect . 

The  pyroelectric  and  dielectric  properties  of  a  number  of  organo- 
ruthenium  LB  films  will  be  presented  and  compared  with  previously  published 
results  for  other  materials  in  this  same  class.  The  results  obtained  will  be 
used  in  attempting  to  understand  the  physical  mechanism  responsible  for 
pyroelectricity . 

When  LB  films  are  incorporated  into  a  device  structure  other  passive 
dielectric  materials  may  also  be  used.  The  properties  of  the  LB  films  will 
therefore  be  studied  for  a  range  of  substrate  configurations  which  will 
include  polyimide  as  the  passive  dielectric.  The  dynamic  pyroelectric  effect 
will  also  be  used  to  conpare  the  response  of  films  on  different  substrates  and 
an  attenqpt  made  to  provide  agreen«nt  between  experimental  data  and  a  simple 
thermal  model. 
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NONLINEAR  OPTICS:  THE  STRONGEST  SECOND  HARIRINIC  INTENSITY  SO  FAR 
FROM  A  MULTILAYERED  LAN(»fUIR-BLODGETT  FILM  STRUCTURE 

G.J.Ashwell 

Centre  for  Molecular  Electronics,  Cranfield  Institute  of  Technology, 

Cranfield  HKA3  OAL,  UK. 

Noncentrosymmetric  Langmuir-Blodgett  film  structures  of  the  hemicyanine 
dye,  (CH3)2N-C4H4-CH=CH-C5H4N*-CijH3y  I~,  interleaved  with  the  two-legged 
spacer  molecule,  4,A'-dioctadecyl-3,5,3' ,5'-tetramethyldipyrrylmethene 
hydrobromide,  show  strong  second  harmonic  generation  with  an  intensity  which 
increases  quadratically  with  the  number  of  layers.  The  two-legged  molecule 
was  specifically  designed  to  alternate  with  the  optically  active  layers  of 
the  one-legged  hemicyanine  dye,  the  principle  being  that  the  single  leg  of 
the  dye  might  penetrate  the  open  hydrophobic  legs  of  the  spacer  and  fasten 
the  interleaving  layers  (a  ^''Moiecuiar  Zip"),  Ordered  noncentrosymmetric 
■structures  have  been  obtained  by  this  method  and  quadratic  enhancement  of 
the  second  harmonic  intensity  has  been  obtained  for  200  layer  films,  the 
the  signal  being  by  far  the  largest  obtained  from  any  Langmuir-Blodgett 
film  structure  and  18,300  times  the  monolayer  signal  reported  by  Girling  at 
al.  (Thin  Solid  Films  112>  iOi,  1985)  for  a  related  hemicyanine  dye. 
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The  nonlinear  optical  properties  of  two  zwitterionic  materials  of  general 
formula  D*-CH=C(CN)-C^H4-C(CN)2',  where  D*  is  either  N— hexadecylquinolinium 
or  N— hexadecylpyridinium,  will  be  reported  and  compared  with  those  of  the 
interleaved  dyes.  The  zwitterions  have  negative  charges  in  the  terminal 
position  and  interlayer  Coulomb  repulsions  suppress  the  more  usual  Y-type 
film  structures.  These  materials  also  show  quadratically  enhanced  second 
harmonic  generation. 
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CONDUCTING  POLYMER  LANGMUIR-BLODGETT  FILMS. 

APPUCATIONS  TO  BIOELECTRONICS. 

LA,  Skothcim.  L.  Boguslavsky,  PJ).  Hale,  H.S.  Lee\  X.Q.  Yang*  and  Y.  Olcamoto^  Moltech 
Corporation,  Stony  Brook,  NY  11794-3400;  ‘Brookhaven  National  Laboratory,  Upton,  NY  11973; 
-t-Polytedmic  University,  Brooklyn,  NY  11201. 

The  design  and  fabrication  of  electroactive  Langmuir-Blodgett  (LB)  films  opens  the 
possibility  of  rational  molecular  design  of  organized  structures  for  hi^  iq}^c  applhations.  We 
have  develcqred  a  new  dass  of  derivatized  conducting  pol^pyrrole  Langmuir-Blodgett  films  with 
electroactive  groups  covalent^  attached  to  alkyl-pyrroles.  Specifically,  we  have  studied  copolymers 
formed  by  polymerizing  mixed  3-alkyl  pyrrole  and  ferrocene-3-all^l  pyrrole  (Fc-Py)  at  the  air- 
water  interface,  with  the  subphase  containing  Fed).  When  the  Fc-Fy  containing  film  is  deposited 
on  an  electrode  surface,  the  resulting  derivatized  electrode  can  be  used  for  reoxidizing  reduced 
flavin  enzymes  such  as  glucose  oxidase.  Ihe  ferrocene  moieties  are  oriented  away  from  the  film 
surface  and  are  able  to  act  as  redox  mediators  to  effect  charge  transfer  from  the  catalytic  center 
of  flavin  enzymes.  The  successful  demonstration  of  electronic  communication  between 
electroactive  LB  films  and  redox  emymes  rq)resent  an  example  of  molecular  design  of  a 
bioelectronic  system. 
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LB  CONDUCTING  FILMS  OF  TCNQ  AND  BEDT-TTF  DERIVATIVES  APPLIED  TO  GAS 
SENSING:  GAS  DIFFUSION  AND  DETECTION  RANGES. 

.Q  CLFMENDOT.  JP.BOURGOIN,  G.DEROST.  M.VANDEVYVER,  A.RUAUDEL-TEIXIER.  A.BARRAUD 
C.E.A  /  Service  de  Chimie  Mol6culaire  /  Bat.125  /  C.E  SACLAY 
91191  GIF  SUR  YVETTE  CEDEX  (FRANCE). 

LB  conducting  film  of  semi'amphiphilic  TCNQ  derivatives  has  been  proved  to  be  a  promising 
material  to  develop  gas  sensors(^).  When  these  films  are  exposed  to  phosphine  (PH  3)  in  dry  air,  their 
conductivity  decreases  significantly  after  one  minute(^).  We  investigate  gas  diffusion  in  the  conducting 
layers  which  appears  to  be  an  important  limiting  factor  in  the  detection  mechanism. 

We  have  deposited  layers  of  silver  docosanoate  which  is  chemically  reactive  towards 
phosphine,  under  the  conducting  film.  The  gas-layers  interaction  is  easy  to  be  observed  by  strong 
modifications  of  the  infrared  absorption  peak  assigned  to  the  carboxylate  group  surrounded  by  Ag-**  ions 
which  decreases  after  an  exposure  (10  minutes)  to  high  quantities  of  gas  (>  265ppm  in  dry  air).  This 
observation  is  interpreted  as  a  reduction  reaction  leading  to  reduced  silver  in  the  docosanoic  acid 
matrix(3). 

The  deposition  of  20  layers  of  semi-amphiphilic  N-octadecyl-pyridinium,TCNQ  onto  the 
test  underlayers  is  easy  to  be  performed.  When  the  films  are  exposed  during  10  minutes  to  high 
quantities  of  phosphine,  it  is  observed  that  the  test  underlayer  does  not  react  towards  the  gas  (no 
change  in  the  infrared  spectrum)  even  though  the  conductivity  of  the  upper  conducting  layers  strongly 
decreases.  This  is  a  direct  evidence  that  only  the  superficial  conducting  layers  react  towards  the  gas. 

In  addition,  we  investigate  new  conducting  LB  films  of  amphiphilic  BEDT-TTF  derivatives^^) 
regarding  the  detection  of  phosphine..  Preliminaries  results  are  presented  and  compared  to  those 
obtained  with  the  LB  films  based  on  semi-amphiphilic  TCNQ  derivatives.  The  main  differences  concern 
the  ppm  range  sensitivity  which  is  achieved  without  the  need  of  cycling  at  high  quantities  of  gas.  The 
diffusion  test  reveals  that  the  underlayers  react  towards  the  gas.  This  a  direct  evidence  that  gas  diffusion 
does  not  limit  the  response  time  of  this  sensor  which  is  as  short  as  a  few  seconds. 

Beferences: 

(1) ;  L.  Henrion,  G..  Derost,  A.  Ruaudel-Teixier,  A.Barraud  Sensors  and  actuators,  14  (1988)  251-257, 

(2) :  L.Henrion,  G.Dersost,  A.Barraud,  A.Ruaudel-Teixier  Sensors  and  actuators, ^7  (1989)  493-498. 

(3) ::  J.Leloup,  P.Maire,  A.Ruaudel-Teixier,  A  .Barraud  J.  de  ChimiePhysique,  82  (1985),  n®6, 695-700. 

(4) :  M.  Vandevyver,  M.Roulliay,  JP.Bourgoin,  A.Barraud,  JP.Morand,  O.Noel  J. of  colloid  and  interface 
science,  Vol.  141  (February  1991),  456-466. 
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Metal  ion  Sensor  based  on  Dioctadecyidithiocarbomat-Metal  Complex  induced  Energy 

Transfer 


W.  Budach,  R.  C.  Ahuja,  and  D.  Mbbius 

Mox-Planck-lnstitut  fiir  biophysikaiische  Chemie,  Postfach  2841,  3400  Gbttingen,  FRG 


The  characterization  of  dioctadecyidithiocarbamate  (DOTC)  monolayers  at  the  air/water 
interface  and  its  complexation  with  metal  ions  in  the  aqueous  subphase  are  reported., 
Surface  pressure-,  surface  potential-area  isotherms  and  reflection  spectroscopy 
at  the  air/water  interface  were  used  for  the  detection  and  characterization  of  the 
DOTC-  ion  complexation.  Metal  ion  complexation  leads  to  metal  specific  changes  in 
the  surface  potential,  area/molecule  and  also  to  either  a  shift  of  the  DOTC  reflection 
band  or  the  appearance  of  a  new  band  in  the  UV-VIS  reflection  spectrum. 

Based  on  these  results  we  describe  a  novel  and  selective  technique  for  the  detect¬ 
ion  of  metal  ions  at  the  LB-film/aqueous  phase  interface.  The  LB-film  is  made  up 
of  a  fluorescent  oxacyanine  monolayer  and  an  adjacent  DOTC  monolayer,  with  the 
metal  binding  headgroup  facing  the  aqueous  phase..  Any  metal  ions  present  in  the 
aqueous  phase  lead  to  the  DOTC-metal  complex.  In  case,  the  complex  absorption 
band  overlaps  with  the  fluorescence  band  of  the  dye  layer,  it  results  in  Forster  type 
energy  transfer  from  the  dye  to  the  DOTC-metal  complex  leading  to  the  quenching 
of  the  dye  fluorescence.  The  degree  of  fluorescence  quenching  and  hence  the  signal 
depends  among  other  factors  on  the  distance  between  the  donor  and  acceptor  and 
their  respective  densities.  The  specificity  of  the  sensor  system  may  be  achieved 
through  the  appropriate  matching  of  the  fluorescence  dye  and  the  corresponding 
metal-complex.  For  the  specific  case  of  DOTC-copper  complex  and  the  used  oxa¬ 
cyanine  fluorescent  dye  in  the  present  configuration,  Cu^"^  concentrations  down  to 
the  nanomolar  range  could  be  detected.  The  response  time  of  the  system  was  ca. 
10  seconds. 


F07 


THE  EFFECT  OP  THE  EXTERNAL  DC  ELECTRIC  FIELD  ON  PYROELECTRIC 
RESPONSE  OF  AZOCOMPOUND-BASED  LB  FILMS 


V,V,  Lazarev,  N.N.  Davydova,  V.A.  Khavrichev,  S.P.  Palto  and  S,G.  Yudin 


Organic  Intermediates  emd  Dyes  Institute,  Moscow  103787,  USSR 


LB  films  based  on  azobenzene  compounds  have  been  already  reported  [1] 
to  possess  a  spontaneous  polarization  P  and  exhibit  piezo-  and  pyroelect¬ 
ric  effects.In  this  paper  we  report  the  effect  of  the  external  d.c.  elect¬ 
ric  field  applied  along  a  unique  polar  axis  on  the  pyroelectric  response  of 
multilayer  films  formed  by  Langmuir-Shaefer  method  from  azobenzene  compo¬ 
unds  with  different  hydrocarbon  chain  lengths: 

’  n=17.10,9,8.3. 

LB  film  transfer  conditions  and  Rsrroelectric  response  measurements  have 
been  discribed  in  detail  elsewhere  [2].  Fig.  1  demonstrates  the  effect  of 
applying  the  external  d.c.:  electric  field  on  the  pyroelectric  response  of 
100-layer  films. 
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Tlie  pyroelectric  response  verses  d.c.  electric  field  characteristics 
are  liniar  for  all  LB  films  almost  up  to  breakdown  fields.  For  some  films 
Cg  carbon  chain  compounds)  polarization  induced  by  the  external  field 

can  be  greater  than  spontaneous  polarization  P^that  results  in  icreas- 

ing  pyroelectric  response  (P.  ,  in  the  direction  of  P  )  or  even  changing 

ind  s 

the  response  sign  (the  opposite  direction  of  ^ind  ) .  From  the  experimental 

results  the  spontaneous  polarization  value  can  be  determined  from  the 

relationship:  P  =  '■  (^-HV  ,  where  V  is  the  e.xternal  electric  field  which 

so  o  o 

cancels  pvroelectric  response.'  is  the  relative  permittivity. For  the  inves¬ 
tigated  LB  films  the  magnitude  of  P  lies  in  the  range  of 

P,  -1  2  ^ 

10  2  V  10  C/cm  .. 
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SEPARATION  OF  TOXIC  AND  ACID  GASES  FROM  METHANE 
IN  LANGMUIR-BLODGETT  FILMS 
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ABSTRACT 

Composite  membranes  for  gas  separation  were  fabricated  by 
depositing  polymeric  Langmuir-Blodgett  (LB)  films  on  porous 
support  membranes.  Two  copolymers,  both  containing  tertiary 
amines,  were  utilized  as  LB  materials.  The  polymers  had  main- 
chain  and  side-group  spacers.  By  bridging  over  the  pores  of  the 
porous  support,  the  polymeric  LB  multilayer  acted  as  a  selective 
barrier  to  gas  diffusion.  The  gas  selectivity  of  the  LB  films  was 
demonstrated  by  measuring  the  gas  permeability  of  hydrogen 
sulfide,  a  toxic  and  acid  gas,  carbon  dioxide,  an  acid  gas,  and 
methane  as  a  function  of  temperature.  The  hydrogen  sulfide  had 
the  highest  permeability  of  the  gases  studied.  The  permeability 
of  carbon  dioxide  was  less  than  hydrogen  sulfide  but  one  order  of 
magnitude  higher  than  that  of  methane.  Fourier  Transform  Infrared 
Spectroscopy  (FTIR)  measurements  indicated  that  when  the  films 
were  heated  the  hydrocarbon  side-groups  of  the  polymer  were 
irreversibly  disordered.  The  disordering  increased  the 
permeabilities  of  hydrogen  sulfide  and  carbon  dioxide  relative  to 
methane  and  the  select ivities  of  the  former  gases  improved. 
Disordered  layers  appear  to  provide  better  transport  properties 
for  the  hydrogen  sulfide  and  carbon  dioxide  than  sordered  layers. 


Characterization 

(structural  and  other) 
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Recent  Developments  in  Surface  Analysis  of  Synthesized  Molecular 

Overlayers 
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There  exists  a  number  of  well  established  techniques  providing  information  on  the  chemical 
composition  of  the  uppermost  monolayers  of  a  solid.  These  techniques  are  based  upon  the 
energy  analysis  of  electrons  emitted  from  such  surfaces  during  primary  electron  (Auger 
Electron  Spectroscpoy :  AES)  or  photon  (Photo  Electron  Spectroscopy :  XPS) 
bombardment  or  upon  the  mass  analysis  of  atomic  and  molecular  species  emitted  from  the 
surface  during  its  interaction  with  an  ion  or  laser  beam, 

AES  or  XPS  supplies  mainly  information  on  the  elements  present  in  the  uppermost  atomic 
layers  and  additionally  some  information  on  the  chemical  environment  of  these  elements. 
Lateral  resolutions  down  to  the  sub-/im  -  range  are  capable. 

On  the  other  hand  surface  mass  spectroscopy  supplies  information  on  the  elemental  and 
molecular  surface  composition  by  mass  analysis  of  the  emitted  secondary  ions  and  neutrals. 
Until  recently  the  mass  analysis  of  the  ejected  surface  species  has  been  carried  out  by  mostly 
magnetic  sector  field  or  quadrupole  instruments.  More  recently  high  performance  time  -  of  - 
flight  mass  spectrometers  have  been  applied.  These  instruments  combine  an  unlimited  mass 
range  with  high  mass  resolution  and  a  transmission  near  1. 

The  performance  of  Time  -  of  -  Flight  secondary  ion  mass  spectrometry  will  be  treated  in 
detail.  The  analytical  power  of  this  technique  concerning  sensitiy,  quantification,  mass  range- 
and  lateral  resolution  will  be  discussed  by  typical  examples.  Recent  and  expected 
developments  will  be  assessed. 
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SPECTROSCOPIC  PROPERTIES  OF  TRICHROMOPHORIC  MOLECULES  INCORPORATED  IN 

LANGMUIR  BLODGETT  FILMS 
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Chemistry  Department  K.U.  Leuven 
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In  order  to  achieve  efficient  charge  transfer  in  Langmuir-Blodgett 
films  a  trichromophoric  molecule  containing  an  oxacarbocyanine  and  two 
pyrene  moieties  has  been  synthesized  (compound  I).  Pressure  area 
diagrams  indicate  that  on  a  water  surface  monolayers  can  be  obtained 
from  the  pure  compound  I  and  from  mixtures  of  compound  I  and  fatty 
acids.  The  monolayers  can  be  deposited  on  quartz  substrata. 

Between  400  and  550  nm  the  absorption  spectra  of  the  mixed  Langmuir 
Blodgett  films  of  compound  I  and  fatty  acids  acid  resemble  those  of 
mixed  Langmuir  Blodgett  films  of  dioctadecyloxacarbocyanine  (compound 
II)  and  arachidic  acid.  Compound  I  is  however  characterized  by  a  smaller 
tendency  to  form  dimers  than  compound  II  and  the  hypsochromic  shift  of 
dimers  of  compound  I  is  smaller  than  that  of  dimers  of  compound  II. 

Between  280  and  400  nm  the  absorption  spectra  of  mixed  monolayers 
of  compound  I  and  fatty  acids  resemble  those  of  mixed  monolayers  of 
pyrene-octanoic  or  pyrenehexadecanoic  acid  and  fatty  acids. 

Upon  excitation  of  mixed  Langmuir  Blodgett  films  of  compound  I  and 
fatty  acids  the  fluorescence  of  monomers  and  aggregates  of  the  cyanine 
moiety  is  observed.  Excitation  at  360  and  480  nm  yields  identical 
emission  spectra  indicating  that  efficient  energy  transfer  from  the 
pyrene  chromophore  to  the  cyanine  chromophore  occurs 

When  compound  I  is  diluted  with  dioleylphosphat idyl- 
choline  the  absorption  and  fluorescence  spectra  indicate  a 
smaller  tendency  to  form  dimers  or  aggregates. 


compound  I 


compound  II 
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LANGMUIR-BLODGETT  MONO-  AND  MULTILAYERS  OF  POLY(ISOCYANIDE)S 
WITH  DIFFERENT  SIDECHAINS. 
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Summary. 

In  this  study  poly{isocyanide)s,  IR-N=C<]  ,  with  different 

n 

sidechains,  R,  are  used  as  spreading  material  to  form  L-B  monolayers 
at  the  water-air  interface.  Poly(isocyamide)s  are  rigid-rod 
polymers,  which  have  a  stable,  helical  conformation. 


V 


Helical  structure  of  a  poly( isocyanide) 
(repeat  unit  is  behind  unit  C^,  etc.) 


One  of  the  aims  of  this  study  was  to  investigate  whether  this  rigid 
conformation  is  sufficient  to  get  a  stable  monolayer  on  the  water 
surface. 

We  find,  that  different  poly(isocyanide)s  with  non-polar  aliphatic 
substituents  are  unable  to  form  such  stable  monolayers.  On  the  other 
hand,  poly((S)-l-acetoxymethylethylisocyanide),  a  polymer  which  has 
polar  substituents,  does  form  a  stable  monolayer.  So,  rigidity  of 
polymer  molecules  is  not  a  sufficient  factor  for  obtaining  stable 
films  and  polar  moieties  which  can  interact  with  the  water  surface 
are  required  as  well.  The  monolayer  can  be  transferred  onto  solid 
substrates  with  Z-typc  transfer.  With  use  of  molecular  models, 
ellipsometry  and  FT-IR  spectroscopy  the  orientation  of  the  poljrmer 
rods  was  studied. 
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OF  LIQUID-CRYSTALLIME-AZO-DYE-SIDECBAIN  POLYMERS 
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Liquid-crystalline-side-chain-polymers  have  recently  been  used  for 
optical  data  storage  by  inducing  local  trans-cis-isomerisations  of 
its  azo-benzene  side-groups  [1].  Only  little  work  was  done  on  azo- 
dye-LC-systems  that  can  be  deposited  by  the  Langmuir-Blodgett-Kuhn 
(LBK)  technique  [2,3]. 

Therefore  we  investigated  a  set  of  LC-polyacrylates  with  azo¬ 
benzene-dye  comonomers  of  different  concentration  for  the 
possibility  of  LB-deposition.  The  homopolymer  system  transfered 
onto  solid  substrates  which  is  known  to  store  optical  data 
peristently  [4]  is  characterized  by  X-Ray,  surface-plasmon  and  IR- 
experiments.  The  jr-a  diagrams  of  the  copolymer  systems  show 
spontanous  smectic  ordering  at  the  water-air  interface  described 
by  Gruler  et  al.  [5].  This  behaviour  was  studied  with  ellipso- 
metry-measurements  directly  at  the  water-air  interface.  The 
writing  and  relaxation-process  of  the  investigated  systems  due  to 
their  trans-cis  isomerisation  of  the  azo-benzene  sidegroup  was 
determined  by  various  experimental  techniques.  From  all  our 
results  we  can  derive  a  model  connecting  the  microscopic  behavoiur 
of  our  substances  under  illumination  with  the  macroscopic 
structure  of  the  LBK  systems. 

[1]  M.Eich,  J.H.Wendorff ,  B.Reck,  H.Ringsdorf,  Macromol.  Chem. 

Rap.  Comm.  8  59  (1987) 
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[3]  M. I. Bernik,  V.M.Kozenkov,  N.M.Shtykov,  S.P.Palto,  S.G.  Yudin, 
J.of  Mol. Elec.  5  53  (1989) 

[ 4  j  M . Sawodny , A . Schmidt , C . Urban , H . Ringsdor f , W . Knoll , 

Macromol . Chem . Symp . ,  submitted 

[5j  B. Rapp, H. Gruler,  Phys.Rev.A,  42  2215  (1990) 
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TRANSFERRED  FREELY-SUSPENDED  FILMS  AND  LB-FILMS  OF  LIQUID  CRYSTALS 
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Institut  fur  Physikalische  Chenie,  Johannes  Cutenberg-Univetsitat  Mainz 
Welder  Weg  11,  D-6500  Mainz,  Federal  Republic  of  Germany 


INTRODUCTION 

Amphiphilic  liquid  crystalline  O^C)  compounds 
c^er  the  possibilior  of  obtaining  similariy  layered  ultia- 
thin  film  assemblies  such  as  LB  mono*  and  multi¬ 
layers  and  freely-suspoided  films  (FSFs).  The  lattw 
ones  are  piq>ared  by  drawing  a  small  amount  of  mate¬ 
rial  across  an  apmure  in  a  metal  ot  glass  substrate  and 
can  be  obtained  with  an  area  of  several  square  on. 
The  thickness  of  these  films  is  comparable  to  that  of 
LB-films  and  ranges  from  two  to  several  hundred 
layers.  In  contrast  to  LB-films  they  are  symmetrical 
(two  film/air  interfaces)  and  they  can  be  obtained  as 
monodomains.  Taking  advantage  of  the  excellent  de¬ 
gree  of  ordering  in  FSFs,  we  have  developed  a  tech- 
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Figure  1:  This  side-view  drawing  schematically 
depicts  the  iransjfer  process.  Distances  are  not  drawn 
to  scale  and  the  layered  structure  of  the  film  is  not 
indicated.  At  the  top,  a  freely-suspended  LC-film  is 
spanned  across  a  circular  aperture  with  sharp  edges. 
In  the  rmddle,  an  atmospheric  pressure  tUfferential  is 
applied,  causing  the  initially flat  film  to  bulge  biMde- 
lUce  towards  the  lower  part  of  the  sample  holder. 
After  contact  of  the  free  film  with  the  siistrate,  the 
corned  area  qmckly  spreads  until  a  staUe  geometry 
is  reached,  as  shown  at  tfu  bottom.  If  the  pressure 
differential  is  raised  even  further,  the  contact  line  is 
driven  oiaward  agtdn,  until  the  film  ruptures.  This 
usually  occurs  when  the  area  (rf  the  tra^erred  fUm 
exceeds  the  area  of  the  original  free  film. 


nique  to  transfer  the  free  films  ^ig.  1)  (Mito  solid  sup- 
pons.  thereby  maintaining  both  die  smectic  layering 
and  the  in-fdane  sttuctute.  The  FSFs  can  be  trans¬ 
ferred  onto  the  same  substrmes  as  LB-films  which 
com{detes  the  series  of  layered  assemblies  and  offers 
the  possibility  of  conqiaring  aO  systems,  cmnbining 
the  erqierience  from  b^  the  LB-  and  the  LC-fields. 

RESULTS  AND  DISCUSSION 
We  have  used  different  amphi[diilic  liquid  crystal¬ 
line  bqihenyl  derivatives  for  the  investigadcm  of  the 
various  mnldl^er  stracmres  (R^  =  -C^,.  -C^^ 
R,::  -H.  -CHj.  -C^.  In  an  cases  the  free  acid  and 
the  methyl  esters  fanned  bilayw  LB-films  and  the 


ethyl  esters  formed  monoh^  LB-films.  The  com¬ 
pel  with  RjS  and  R,s  -CH,  shows  extre¬ 
mely  good  d^osidon  b^viour  and  the  LB-films  are 
very  well  ordmed  as  seen  by  X-ray  scattering  (Fig.  2). 

Comparison  oi  LB-film  and  transferred  fredy- 
suspended  films  of  compound  with  =  -C,H,^  and 
RjS  -CjHj  shows  very  interesting  results  as  judged 
from  first  experiments.  Although  the  same  layer  sic¬ 
cing  (24  A)  is  found  in  both  systems,  the  imlting  of 
the  latter  one  occurs  at  1 10  *C  (smne  as  bulk),  whereas 
the  LB-fibn  is  less  staUe  and  starts  to  melt  at  80  *C. 


Figure  2:  Small  mgle  region  of  an  X-ray  dfffracw- 
gram  of  a  10  InlayerLB-Jibn  of  the  methyl  ester  show¬ 
ing  Kiesag  fringes  and  the  first  two  of  a  UiUd  of  21 
observed  Bragg  peaks. 
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INELASTIC  ELECTRON  TUNNELING  SPECTROSCOPY  INVESTIGATION  OF 
MONOLAYERS  AND  HLMS  OF  FATTY  ACIDS  AND  CHLOROPHYLL  a 
S.  GAUVIN  AND  R.M.  LEBLANC,  Centre  de  rechcardie  ea  photobiophysique, 
University  du  Quebec  k  Trois-Riviferes,  Trois-Riviferes,  Quebec,  G9A  5H7, 
Canada 

There  are  many  well  established  techniques  to  study  the  vibrational  modes  of 
organic  molecules.  Among  others,  we  can  sdect  IR,  FIIR,  R,  RR,  etc.,  each  one 
having  its  own  set  of  advantages  and  drawbadcs.  Our  invest  is  the  b^avior  of 
one  monomolecular  film  (Langmuir*Blodgett  or  autoadsorption)  and  the 
above  methods  are  not  the  best  for  this  purpose.  We  beleive  that  Inelastic 
Electron  Tunneling  Spectroscopy  (lETS)  with  its  high  sensitivity  can  be  used 
with  substantial  benefits  for  our  investigation.  Briefly,  the  sample  is  deposited 
upon  the  oxide  of  an  Al/Al203/sample/Pb  tunnd  junction.  An  electric 
potential  difference  (V)  between  A1  and  Pb  causes  an  dectronic  current  (I)  by 
the  tunneling  mechanism.  The  second  derivative  of  dus  I-V  curve  gives  the 
spectrum.  The  spectra  of  autoadsorbed  fatty  adds  widi  6  to  11  carbon  atoms 
were  initially  studied.  We  also  obtained  preliminary  results  concerning 
chlorophyll  a  in  films:  (1)  Langmuir>Blodgett,  (ID  autoadk>rbed,  (HI)  solid  and 
(IV)  rinsed.  These  spectra  are  surprisingly  simple  except  in  the  case  of  films 
rinsed  with  ethanol.  We  interpret  these  results  in  terms  of  the  formation  of 
aggregates. 
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ELECTRON  SPIN  RESONANCE  IN  LANGMOIR-BLODGETT  FILMS  OF  A 
MEROCYANINE  DYE  AND  ITS  ISOTOPE- SUBSTITUTED  ANALOGS 

S.  Kuroda.  K.  Ikegami,  Y.  Tabe,  K.  Saito,  M.  Saito,  M.  Sugi  and  '^S.  Yasui 
Electrotechnical  Laboratory,  Tsukuba,  Ibaraki  305,  Japan 
'•'The  Japanese  Research  Institute  for  Photosensitizing  Dyes,  Co., 
Okayama,  Okayama  701-02,  Japan 


Two  kinds  of  stable  radicals  exist  in  LB  films  of  a  roerocyanine  dye  hav¬ 
ing  benzothiazole  for  the  donor  nucleus  (DS  in  Fig.  1) .  One  of  the  species  ex¬ 
hibits  clear  nitrogen  hyperfine  structure  in  the  ESR  spectra,  the  analysis  of 
which  revealed  a  characteristic  in-plane  orientation  of  the  radical  molecules . 
The  results  suggested  a  flow  orientation  of  the  J-aggregate  from  which  radi¬ 
cals  may  originate  [1] .  Later  developed  theory  of  flow  orientation  during  LB 
dipping  process  [2]  successfully  describes  the  flow  orientation  effect  both  in 
the  optical  dichroism  of  J-band  [2]  and  the  ESR  spectral  line  shape  [3,4]. 

This  coincidence  between  ESR  and  optical  anisotropies  provides  new  evidence 
that  the  radicals  originate  from  J-aggregate. 

Based  on  these  observations  as  well  as  photo-induced  enhancement  of  ESR 
intensities,  we  have  previously  proposed  an  intermolecular  charge  transfer  in 
J-aggregates,  producing  cation  and  anion  of  the  dye  molecule,  as  the  origin  of 
the  observed  two  radical  species.  In  this  paper  we  examine  the  model  by  study¬ 
ing  the  hyperfine  couplings  of  the  dark  and  photo-induced  species  using 
isotope-substituted  dye  analogues.  Since  the  nitrogen  coupling  of  species  A 
has  been  already  detected,  we  focused  on  ^®N-substitution  of  either  of  tho  two 
nitrogens  in  the  molecule  as  the  first  step.  The  results  of  the  substitution 
for  the  one  in  benzothiazole  (left-hand  side  of  DS)  has  been  already  reported 
[3,4]  The  triplet  splitting  due  to  was  replaced  by  the  do..blet  splitting 
due  to  showing  that  the  observed  coupling  of  species  A  arises  from  this 

nitrogen  which  belongs  to  the  dye  chromophore;  N-C“C-C=C-C*0.  The  results  of 
t.he  substitution  of  the  other  nitrogen  in  rhodanine  acetic  acid  in  this  work 
further  confirmed  this  result;  no  change  of  the  nitrogen  splitting  of  species 
A  was  observed.  On  the  other  hand,  the  spectra  of  species  B  showed  no  distinct 
cnange  for  the  former  substitution  but  a  small  but  significant  change  for  the 
latter  substitution,  showing  that  a  certain  spin  density  of  species  B  also  ex¬ 
ists  on  the  dye  molecule,  as  expected. 

The  anisotropy  of  the  photo-induced  signal  was  compared  for  the  films  of 
unsubstituted  and  substituted  cases.  The  photo-induced  signals  showed  a  simi¬ 
lar  change  as  the  dark  signals  upon  ^^N-substitution,  providing  new  evidence 
that  the  dark  and  photo-induced  signals  arise  from  the  common  species. 

ESR  spectra  of  substituted  system  can  be  simulated  according  to  the  pre¬ 
viously  reported  procedure  [1,4].  The  anisotropic  hyperfine  coupling  of  at 
the  same  time  provides  new  intrinsic  probe  for  the  study  of  the  nuslecular  ori¬ 
entation  [4]..;  These  examples  demonstrate  that  unique  microscopic  informations 
of  molecular  aggregates  in  LB  films  can  be  obtained  by  ESR  spectroscopy  when 
appropriate  isotope-substitution  is  employed. 


1.  S.  Kuroda  et  al.,  J.  Phys.  Soc.  Jpn.  ifi.,  3319  (1987). 

2.  N.  Minari  et  al.,  ibid  53.,  222  (1989). 

3.  S.  Kuroda  et  al.  Solid  State  Commun.,  21»  333  (1989). 

4.  S.  Kuroda  et  al,  Phys.  Rev,  B43.  in  press. 
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DEFECT  ANNEAUNG  RATE  IN  MONOLAYERS  DISPLAYING  A  SMECTIC>L  PHASE 
A.-M.  Bibo  and  I.R.Peterson 

Institut  fUr  phys.  Chemie,  Johannes  Gutenberg  University 
Jakob  Welder-Weg  11,  D6S00  Mainz  FRG 


Abstract: 

In  a  previous  report  quantifying  the  annealing  of  orientational  defects  in 
monolayers  of  22-tricosenoic  acid  on  the  water  surface^  a  significant  rate  was  only 
observed  when  the  surface  pressure  was  cycled  between  two  values,  and  not  when 
the  monolayer  was  quiescent.  The  cycling  somehow  makes  the  defects  more 
mobile,  but  for  practical  purposes,  even  this  enhanced  mobilily  is  an  order  of 
magnitude  too  small.  In  later  work^,  the  enliancement  was  traced  to  the  fact  that 
during  the  cycling,  the  monolayer  wa.».  Undergoing  a  phase  transition.  Subsequent 
X-ray  diffraction  and  miscibility  investigation,  aave  determined  that  this  particular 
transition  is  between  two  hexatic  phases,  smectic-I  (low  surface  pressure)  and 

smectic-F  (high  surface  pressure), 
respectively^"^.  In  a  theoretical  study  of  hexat>c 
phases*,  Selinger  and  Nelson  have  shown  that 
the  stresses  caused  by  an  orientational  defect  in 
one  of  these  phases  can  locally  induce  a 
transition  to  the  other,  or  to  the  smectic-L 
phase  which  under  certain  conditions  can  occur 
between  the  regions  of  stability  of  I  and  F. 

We  report  a  study  of  the  monolayer  defect 
annealing  rate  in  a  mixture  of  90%  docosemoic 
acid  and  10%  ethyl  eisosanoate,  at  a  number  of 
surface  conditions  including  I,  L  and  F  phases. 


Fig.  1.  tt-T  phase  diagram  of  a  docosanoic  monolayer  with  10%  admixture 
of  ethyl  eicosanoate,  showing  smectic  categories  of  mesophases. 

^  A. M. Bibo  and  I.R.Peterson.  Thin  Solid  Films  178  (1989)  81 

2.  A. M. Bibo,  Degree  Thesis,  Job.  Gutenberg  University  Mainz,  1989 

3.  A. M. Bibo  and  I.R.Peterson,  Advan.  Mater.  2  (1990)  309 

4.  R..V!.Kenn,  C.Bohm,  A.M.Bibo,  I.R.Peterson.  H.Mohwald,  J.,  Als-Nielsen  and 
K.K)®r.  J.  Phys.  Chem.  95  (1991)  2092 

5.  A..M.Bibo,  C.M.Knobler  and  I.R.Peterson,  J.  Phys,  Chem.,  in  press 

6.  J.  V.Selinger  and  D.R.Nelson,  Phys.  Rev.  A39  (1989)  3135 
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ATOMIC  SCALE  PROBES  AND  THEIR  APPLICATION  TO 

ORGANIC  MOLECULES 

Pr.  Qeid  BINNIG 

IBM  Research  Division  ,  Physics  Group  Munich 


An  overview  on  scanning  tunneling  microscopy  and  force  microscopy  is 
given  .  The  application  of  these  techniques  to  biological  samples  has  not  yet 
resulted  in  many  scientific  results  .  Problems  of  sample  preparation  and  of  possible 
artefacts  in  the  measurements  are  discussed  .  Preliminary  results  on  single  living 
cells  and  on  DNA  strands  are  presented  .  Ciearcut  experimental  results  are 
obtained  when  small  organic  molecules  of  various  kinds  form  ordered  surface 
layers  on  a  crystalline  substrate . 
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NONLINEAR  OPTICAL  TECHNIQUES  TO  PROBE  MOLECULAR 
ORDERING  AT  LIQUID  INTERFACES 

Viola  Vogel 

Center  for  Bioengineering,  University  of  Washington,  Seattle  WA  98195 

R,  Superfine,  C.  S.  MuUin,  X.-D.  Xiao,  Y.  R.  Shen  and 
Department  of  Physics,  University  of  California,  Berkeley,  CA  94720 

M.W.Kim 

Exxon  Research  and  Engineering  Company,  Annandale,  NJ  08801. 

Recently,  nonlinear  optical  techniques  have  been  shown  to  provide 
structural  information  from  liquid  interfaces  with  high  surface  specificity.  In  this 
presentation,  second  harmonic  generation  (SHG)  and  IR-visible  sum  frequency 
generation  (SFG)  will  be  discussed  as  challenging  new  tools  to  study  molecular 
ordering  at  liquid  interfaces. 

Surface  adsorption,  for  example,  is  a  fundamental  problem  in  surface 
science.  Techniques  to  directly  measure  the  number  of  surface  molecules  are 
rare  and  their  applicability  is  often  limited  by  difficulties  in  differentiating  signals 
from  the  surface  and  the  bulk.  Second-order  optical  processes  provide  the 
intrinsic  advantage  that  they  are  forbidden  in  systems  with  inversion  symmetry,  in 
the  electric  dipole  approximation,  and  are  necessarily  allowed  at  interfaces.  Here, 
optical  second  harmonic  generation  (SHG)  is  used  to  probe  the  surface  density 
and  polar  ordering  of  an  adsorbate  layer  of  soluble  surfactants. 

Electron  delocalization  normal  to  interfaces  can  be  probed,  as  induced  for 
example  in  thin  films  by  the  presence  of  the  interface,  a  chemical  reaction  etc. 
We  will  discuss  the  effect  of  the  proton  and  salt  concentration  in  solution  on  the 
strength  of  charge -transfer  complexes  embedded  as  molecular  probes  in  insoluble 
monolayers. 

Infrared-visible  sum  frequency  generation  (SFG)  provides  vibrational 
spectra  from  single  monolayers  at  liquid  interfaces.  The  focus  of  this  presentation 
is  on  the  condensed  phases  of  fatty  acids,  i.  e.  from  25-19  A^/molecule,  where 
translational  ordering  and  a  continuous  tilt  transition  have  been  observed  by  x-ray 
scattering.. 

Supported  by  the  Alexander  von  Humboldt  Stiftung,  the  Whitaker 
Foundation  and  DOE  -  Contract  No.  DE-AC03-76SF()0098. 
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CHARACTERIZATION  OF  LANGMUIR-BLODGETT  MONOLAYERS  USING 
POLARIZATION  MODULATED  FTIR  SPECTROSCOPY 

D.  BLAUDEZ**,  L.BUEJEEIEAU*.  B.  DESBAr,  M.  ORRir*  and  J.M.TURLET- 

*  Laboratoire  de  Spectroscopie  Mol^culaire  et  Cristailine  (URA124  CNRS) 
**  Centre  de  Physique  Moi4cuiaire  Optique  et  Hertzienne  (URA  283  CNRS) 
Universit6  de  Bordeaux  I,  F-33405  TALENCE  Cedex,  France 

Polarization  Modulated  InfraRed  Reflexion  Absorption 
Spectroscopy  (PM-IRRAS)  is  a  very  powerful  and  non  destructive  method 
to  analyse,  in  situ  and  within  a  few  minutes,  ultrathin  molecular  films 
as  for  instance  a  single  LB  layer.  It  consists  in  rapidly  modulating  (62 
KHz)  between  the  linear  p  and  s  states,  the  polarization  of  the 
electromagnetic  field  incident  at  grazing  angle  onto  the  surface  and  in 
detecting  the  normalized  differential  reflectivity  (Rp-Rs)/(Rp+Rs).  With 
metallic  substrates,  due  to  the  enhancement  and  the  high  polarization 
anisotropy  of  the  effective  electric  field  nearby  the  surface,  this 
method  gives  IR  surface  spectra  with  much  better  signal  to  noise  ratio 
than  conventionnal  iRRAS  spectroscopy.  Moreover,  applying  the  so-called 
surface  selection  rule  on  such  well  defined  surface  spectra,  one  can  get 
accurate  conformational  and  orientational  informations  on  LB  systems. 

In  this  communication,  after  some  experimental  details  on  the 
method,  we  present  the  bases  of  the  quantitative  analysis  of  the  PM- 
IRRAS  signal  with  particular  emphasis  on  its  linear  behaviour  versus  the 
thickness  and  the  extinction  coefficient  of  the  LB  films;  this  linearity 
is  very  important  to  connect  PM-IPRAS  spectra  with  absorbance  spectra. 
Next,  we  describe  the  different  steps  of  the  molecular  orientation 
evaluation,  comparing  the  relative  band  intensities  of  the  PM-IRRAS 
spectra  (subject  to  surface  selection  rule)  with  their  bulk  sample 
counterparts.  Using  an  all  trans  conformational  model  for  the 
hydrocarbon  chain  of  the  LB  molecules,  the  tilt  of  this  chain  relative  to 
the  surface  normal  and  the  rotation  around  the  chain  axis  may  be 
accurately  determined. 

Finally,  we  apply  this  method  to  LB  monolayers  of  cadmium 
arachidate  deposited  on  gold  substrate  ;  stacks  of  several  (2  to  8)  CdAr 
layers  exhibit  well  ordered  structures  and  fit  the  ail  trans 
conformational  model.  The  effect  of  molecular  packing  (increasing  the 
thickness)  on  the  tilt  angle  is  pointed  out.  Conversely,  single  CdAr  layer 
spectra  present  clear  evidence  of  desorder,  that  may  be  interpreted  in 
terms  of  inhomogeneous  structure  including  domains  where  the  alkyl 
chains  have  gauche  conformations.  More  informations  on  this  desorder 
can  be  drawn  from  the  study  of  a  deuterated  CdAr  monolayer  inserted 
into  a  stack  of  normal  LB  layers.  Results  from  such  a  work,  actually  in 
progress,  will  be  also  presented. 
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STRUCTURAL  INVESTIGATIONS  OF  DONOR-ACCEPTOR-SUBSTITUTED 

polyenes 

Th.  Wagner.  S.  Hagen,  S.  Roth 

Max-Planck-Institut  fur  Festkorperforschung,  Heisenbergstr.  1, 
D-7000  Stuttgart  80,  FRG 
S.  Akari,  K.  Dransfeld 

Universitat  Konstanz,  Fakultat  f.  Physik,  D-7750  Konstanz,  FRG 

In  this  study  we  report  on  investigations  on  Langmuir- 
Blodgett-films  of  donor-acceptor  substituted  polyenes  with 
long  aliphatic  chains.  Monolayer  film  formation  of  7-N,N-di- 
octylaminophenyl-7,8'-diapocarotene-8'-al  (DAPC)  has  been  ob¬ 
served  and  was  characterized  on  the  water  surface  by  pressure- 
area  isothermes.  The  films  were  transferred  to  several  sub¬ 
strates  like  glass,  tungsten  diselenide  (WSe2) ,  silver  coated 
silicon  and  glass  slides.  To  determine  thickness  and  dielec¬ 
tric  constant  surface  plasmon  resonance  (SPR)  measurements 
were  applied.  The  theoretical  fit  of  the  SPR  results  yielded  a 
thickness  of  10  A  per  monolayer.  Molecular  resolution  of  DAPC- 
molecules  has  been  obtained  by  scanning  tunneling  microscope 
(STM)  investigations  for  the  first  time.  The  images  revealed 
structures  with  two  different  periodicities:  i)  periodic 
structures  with  spacing  of  4-5  A,  indicating  the  standing  ali¬ 
phatic  chains  and  ii)  longly  oriented  and  strongly  parallel 
structures  of  22  A  length  and  2-3  A  width  indicating  the  con¬ 
jugated  part  of  the  polyenes.  These  results  coupled  with  UV- 
Vis  and  IR  spectra  show  that  the  conjugated  chains  are  depos¬ 
ited  parallel  while  the  aliphatic  chains  are  placed  perpendi¬ 
cular  to  the  surface. 
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PARALLEL  ARRANGEMENT  OF  FATTY  ACID  MOLECULES 
IN  THE  FILM  DEPOSITED  AT  A  LOWER  SURFACE  PRESSURE 

H.  Matsttda.  E.  Kishi,  R.  Kuroda,  0.  Albrecht, 

K.  Eguchi,  K.  Hataaaka,  and  T.  Nakaglri 

Canon  Research  Center,  Canon  Inc.,  Morinosato  Atsup 
Kanagawa  243-01,  Japan 

It  is  widely  believed  that  the  LB  film  deposited  at  a  lower  surface  pressnre,  t.e.  in  a  rather  expanded 
phase,  has  a  disordered  structure.  With  a  scanning  tunneling  microscope  (STM),  however,  we  have  found 
unexpectedly  ordered  structures  in  fatty  acid  films,  deposited  at  a  lowv  surface  pressures  onto  single- 
crystal  substrates  such  as  highly  oriented  pyrolytic  graphite  (HOPG)  and  M0S3,  where  the  molecules 
adhere  with  their  long  axes  parallel  to  the  substrate  surface. 

This  parallel  arrangement  can  be  obtained  with  high  reproducibility  by  the  following  two  procedures: 
[i]  immersing  the  substrate  through  the  monolayer  at  the  air- water  interface  and  subsequently  withdrawing 
it  after  removing  the  monolayer;  [ii]  immersing  and  then  withdrawing  the  substrate  through  the  monolayer 
kept  in  the  L3  phase. 

The  typical  STM  images  of  behenic  acid  deposited  on  HOPG  by  using  above  method  are  shown  in 
Fig.  1..  We  observed  two  types  of  molecular  arrangements.  One  type  (Fig.  la)  has  two  periodicities, 
6nm  (with  sub-periodicity  of  3nm)  and  0.4nm.  The  other  one  (Fig.  lb)  has  periodicities  3nm  and  0.4nm. 
The  wider  periodicities  of  6nm  and  3nm  correspond  to  double  and  single  spacing  of  the  molecular  axis, 
whereas  the  narrower  periodicity  of  0.4nm  corresponds  to  the  diameter  of  the  molecule.  There  was  no 
marked  difierence  between  the  films  fabricated  either  by  the  method  [i]  or  by  the  method  (ii]  while  we 
could  not  obtain  any  significant  image  of  films  deposited  with  the  conventional  method  (T=26mN/m, 
20*’ C,  L3’  phase),  probably  because  of  its  thickness.  The  double  spacing  structure  tended  to  occur  at 
an  early  stage  during  scannings  with  the  STM-tip  and  it  often  changed  to  the  single  spacing  structure 
with  time.  The  feature  on  M0S3  was  almost  the  same  as  that  on  HOPG  except  that  the  double  spacing 
structure  was  more  stable. 

j  wo  possible  explanations  for  the  paraUel  arrangement  are  presented.  First,  a  porous  structure, 
where  the  molecules  are  oriented  almost  perpendicular,  is  produced  by  poor  deposition  and  overturning. 
Then  the  scanning  of  the  STM-tip  mechanicaUy  peels  off  some  molecules  and  induces  a  molecular  reori¬ 
entation  from  perpendicular  to  parallel.  Second,  some  molecules  detach  from  the  substrate  during  the 
withdrawal  period  followed  by  immediate  reorientation  of  the  remaining  molecules  from  a  perpendicular 
arrangement  to  a  parallel  one.  Extended  scanning  of  a  film  deposited  by  the  conventional  method  did 
not  result  in  a  parallel  arrangement,  which  was  observed  in  many  cases  immediately  upon  start  up  of 
the  scanning  in  films  fabricated  with  the  above  presented  methods.  The  contact  angle  of  water  on  films 
fabricated  by  method  [i]  was  uniform  on  the  whole  film  area  (75°)  but  was  different  from  that  of  the 
bilayer  film  fabricated  by  the  conventional  method  (107°).  This  indicates  that  these  films  intrinsically 


(a)  (b) 

Figure  1  STM  images  of  behenic  acid  on  HOPG.  lOnm  I - 1 
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MOLECULAR  REARRANGEMENTS  ASSOCUTED  WITH  THE 
INTERACTIONS  OF  MONOLAYERS  AND  BILAYERS 

C.  A.  Helm,*  Y.  L.  Chen  and  J.  N.  Israelachvili.  Department  of  Chemical  and 
Nuclear  Engineering,  and  Materials  Deparonent,  University  California,  Santa  Barbara,  CA 
93106,  USA,  and  ♦Institut  fur  Physikalische  Chemie,  Johaimes  Gutenberg  UniversitSt, 
Jakob- Welder- Weg  11,  D-6500  Mainz,  Germany  (FRG) 

Experiments  were  carried  out  on  a  variety  of  LB  and  self-assembled  monolayer  and 
bilayer  siufaces  on  mica  using  the  Surface  Forces  Apparatus  technique.  The  experiments 
were  designed  lu  study  the  molecular  reorientadons  and  mechanisms  associated  with  such 
dynamic  phenomena  as  (1)  adhesion-decohesion  hystoresis  and  contact  angle  hysteresis,  (2) 
the  hydrophobic  interacdon,  and  (3)  the  fusion  of  two  bilayers  in  water. 

We  found  that  hysteresis  effects  are  not  simply  due  to  surface  imperfections,  such  as 
roughness  or  chemical  heterogeneity.  Even  monolayer-coated  surfaces  that  are  initially 
perfecdy  smooth  and  chemically  homogeneous  can  exhibit  hysteresis  effects.  These  arise 
from  slow  molecular  rearrangements  and  intmdigitadons  occurring  at  the  contacting  interfaces 
as  soon  as  contact  occurs  between  the  two  surfaces  (whether  solid-solid  or  solid-liquid).  We 
have  smdied  three  factors  that  enhance  hysteresis:  (i)  increasing  the  freedom  of  the  surface 
molecules  to  reorder,  (ii)  increasing  the  dme  surfaces  remain  in  contact,  and  (ii)  increasing 
the  speed  of  separadon  (or  receding).  These  findings  highlight  the  inherent  non-equilibrium 
nature  of  most  adhesion-decohesion  and  wetdng-dewetdng  processes,  and  preliminary 
results  also  indicate  a  cotreladon  between  adhesion  hysteresis  and  &icdon/sdcdon. 

Measurements  of  the  deformadons  and  short-range  forces  between  various  bilayers 
specifically  deposited  or  stressed  to  expose  acklidmal  hydrophobic  area  to  the  aqueous  phase 
indicate  (i)  that  the  hydrophobic  atu^cdon  is  mainly  responsible  for  the  direct  fusion  of 
bilayers,  which  may  be  viewed  as  a  first-order  phase  transition,  (ii)  that  the  hydrophobic 
attraction  can  be  enhanced  by  up  to  two  orders  of  magnitude  by  stressing  bilayers,  (ii)  that  it 
is  associated  with  fairly  slow  (~milliseccmds)  rearrangements  of  anqrhiphile/water  molecules 
or  the  H-bond  netwmk  in  the  water  gap  between  two  surfaces,  and  (iv)  that  the  repulsive 
short-range  "hydration"  forces  between  bilayers  are  not  due  \o  solvent  structuring  effects,  as 
previously  thought,  but  to  thermal  fluctuation  forces  (smric-entn^c  repulsions  between 
mobile  surface  groups).  These  findings  imply  that  the  hydn^hobic  interaction  between 
bilayers,  vesicles  and  biological  membranes  may  depend  mi  the  omKHic,  elmmical  ar^  other 
stressed  conditions  of  the  memtoanes  as  well  as  on  the  rates  at  vdimh  the  surfaces  intenu:t. 
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DIRECT  OBSERVATION  OF  MOLECULAR  STRUCTURE  AND  DYNAMICS  IN 
SELFASSEMBLED  ORGANIC  MONOLAYERS 

Jureen  P.  Rabe  and  Stefan  Buchholz 
Max-Planck-Institut  f&r  Polymerforschimg 
Postfach  3148,  D-6500  Mainz,  Germany 

Scanning  tunneling  microscopy  has  been  employed  to  inv^tigate  structure  and 
dynamics  of  selfassembled  organic  monolayers  on  the  length  scale  of  0.1  nm  and  the 
time  scale  of  100  ms.  Long  chain  alkanes  (Cie  through  Cgo),  various  alkyl-derivatives, 
including  fatty  adds,  alcohols,  and  esters,  as  well  as  dialkyl-substituted  moieties 
(e.g.  didodecylbenzene  and  dihexadecyloxynaphtalene)  are  shown  to  adsorb  from 
organic  solutions  onto  highly  oriented  pyrolytic  graphite  with  the  first  monolayer 
exhibiting  lamellar  phases  in  which  the  molecules  are  extended  and  oriented  parallel  to 
the  basal  plane  of  graphite.  Bias  dependent  imaging  allowed  to  image  either 
preferentially  the  underlying  substrate  or  the  molecular  adsorbate,  without  disrupting 
the  adsorbate  layer.  Detailed  information  was  obtained  on  the  packing  within  the 
monolayer  as  well  as  about  orientation  and  commensurability  of  adsorbate  and 
substrate.  Moreover,  various  defects,  involving  individual  molecules  as  well  as 
molecularly  sharp  domain  boundaries  could  be  observed  and  explained  on  the  molecular 
scale.  Finally,  fast  image  recording  allowed  to  directly  observe  appearance,  diffusion 
and  annealing  of  the  defects  on  the  time  scale  of  100  ms  and  longer. 
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SCANNED  PROBE  MICROSCOPY 

OF 

THIN  ORGANIC  FILMS 


H.  Fuchs.  L.  Eng  and  W.  Schrepp 


BASF  AG,  Polymer  Research  Laboratory, 
ZKL  -  J  543, 

D-6700  Ludwigshafen,  Germany 


The  local  surface  structure  and  the  electrical  properties  of  thin  organic  films 
can  be  investigated  with  the  novel  scanned  probe  microscopes  such  as  the 
Scanning  Tunneling  Microscope  (STM)  and  the  Scanning  Force  Microscope 
(SFM). 

We  applied  these  atomic  scale  probes  to  investigate  LB  films,  vacuum 
deposited  organic  films  as  well  as  polymeric  thin  films  drawn  from  the  melt.  With 
the  STM,  uncoated  monolayers  of  22-tricosenoic  acid  deposited  on 
semiconducting  substrates  and  polyimid  films  prepared  via  gas-phase  deposition 
from  precursors  (ODA,  PMDA)  were  investigated.  The  experiments  indicate  the 
possiblity  of  the  direct  imaging  of  uncoated  organic  monolayer  films  deposited 
onto  appropriate  substrate  materials  on  the  molecular  scale.  In  addition,  novel 
electronic  interfacial  effeas  have  been  observed  on  discontinuous  monomeric  and 
pol>Tneric  thin  organic  films.: 

>^th  the  SFM,  drawn  polymeric  films  and  LB  films  have  been  investigated. 
This  method  clearly  shows  the  fibrillar  structure  of  the  drawn  films.  It  also  allows 
to  study  the  forces  between  individual  fibrils.  The  resolution  limit  for  these  soft 
systems  is  in  the  range  of  1  nm,  while  on  inorganic  substrates  such  as  mica,  atomic 
resolution  is  obtained.  On  LB  films,  the  SFM  allows  to  measure  the  surface 
roughness  of  multilayer  films  and  to  detect  defects  in  the  film  structure.  The 
scanned  probe  techniques  thus  excellently  complement  conventional  averaging 
surface  inspection  techniques  and  provide  useful  information  on  the  (sub-) 
molecular  scale  of  uncoated  organic  surfaces.. 
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The  structure  of  phospholipid  monolayers  at  water  surfaces 
AT  molecular  RESOLUTION;  A  NEUTRON  REFLECTIVITY  STUDY 

David  Vaknin/  Kristian  Kjaer/  Jens  Als-Nielsen,*  and  Mathias  Ldsche^ 

’Physics  Department,  Rise  National  Laboratory,  DK-4000  Roskilde,  Denmark  and 
^Institute  of  Physical  Chemistry,  Johannes-Gutenberg-Universitat,  D-6500  Mainz, 
Germany 


The  interaction  of  proteins  with  solid  interfaces  is  a  key  issue  in  devising 
functionalized  structured  surfaces  for  the  application  in  biophysical  research  and 
in  materials  science.  A  new  approach  toward  the  understanding  of  the  under¬ 
lying  complicated  interactions  involved  in  cell-cell  recognition  processes  and 
toward  the  construction  of  sophisticated  functional  interfaces  involves  ‘binding 
studies  of  proteins  to  monomolecular  surface  layers  comprising  functionalized 
lipidic  species.  The  molecular  structure  of  such  layer  systems  is  of  immediate 
interest  as  its  knowledge  is  a  prerequisite  for  a  controlled  composition  of  model 
systems  and  of  functionalized  devices. 

Only  recently,  synchrotron  X-ray  reflection  and  diffraction  experiments  on 
surface  monolayers  from  (phospho-)  lipids  have  provided  detailed  insight  into 
the  molecular  structure  of  such  model  systems,  in  particular  into  chain  orien¬ 
tation  and  packing  characteristics.  Structural  features  of  the  head  groups  exposed 
to  the  aqueous  phase  have  been  assessed  to  a  lesser  degree.  For  investigations  of 
the  lipid  head  group  structure  and  of  proteins  associated  to  lipids  from  the 
aqueous  phase,  neutrons  are  expected  to  provide  a  definite  advantage  over  X-rays 
in  that  the  contrast  of  different  parts  of  the  system  under  investigation  can  be 
varied  in  wide  ranges. 

We  have  constructed  a  dedicated  liquid-surface  neutron  reflectometer  and 
have  measured  the  reflectivity  from  monolayers  of  chain-perdeuterated 
DPPC-d62  on  H2O  and  on  D2O  subphases.  In  a  new  approach  to  refining  a  model 
of  the  interface  structure  based  on  our  measurements  in  combination  with  older 
X-ray  data  on  the  same  monolayer  under  similar  conditions  we  show  that  both 
techniques  mutually  complement  each  other.  The  conclusions  drawn  from  this 
analysis  lead  to  a  definite  conception  of  the  interface  structure.  For  the  liquid- 
condensed  (LC)  phase  of  DPPC  (which  is  analogous  to  the  Lp*  phase  in  vesicle 
dispersions)  it  is  found  that  the  head  group  is  interpenetrated  with  subphase 
water  (4  ±  2.5  molecules  per  lipid)  and  that  the  average  tilt  angle  of  the  hydro- 
phobic  chains  from  the  surface  normal  is  33  ±  3  degree. 


Biological  and  biomimetic  aspects, 
BLM 
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TILING  THE  PLANE  WITH  PROTEINS 


Kevin  ULMER 

SEQ  Lid,  Cohasset,  Ma,  USA 
and  Frontier  Research  Program,  RIKEN,  Japan 
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ION  CHANNEL  TRANSDUCTION  IN  LANGMUIR- BLODGETT  UFID  MEMBRANES 

T.L.  Pare*.  D.A.  Stenger*,  D.H.  Cribb**,  K.M.  Rutin*,  P.P.  Bey,  Jr.*,  C.G. 
Silvestre*,  end  C.A.  Palmer* 

*  Code  6090,  Naval  Research  Laboratory,  Washington,  DC  20375 

#  St.  Mary's  College  of  Maryland,  St.  Mary's  City,  MD  20686 

@  Geo- Centers  Inc,  10903  Indian  Head  Hwy,  Ft.  Washington,  MD  20744 
FAX  (202)  767-1295 

ABSTRACT 

Multilayers  of  phospholipid  films  with  VDAC  (voltage  dependent  anion 
channels)  or  acetylcholine  receptors  (AChR)  have  been  deposited  onto  platinum 
electrodes  using  the  Langmulr-Blodgett  technique.  The  electrical  properties  of 
both  suspended  and  platinum  electrode-supported  phospholipid  bllayers  containing 
VDAC  were  studied. 

For  the  VDAC -coated  electrodes,  the  VDAC  conductance  decreased  under 
appropriate  biasing  conditions  due  to  the  voltage  sensitive  response  of  the 
protein.  The  response  was  asyraaetrlc  with  respect  to  the  polarity  of  the  offset 
voltage,  possibly  the  result  of  sterlc  hindrance  of  the  protein  conformational 
changes  by  the  electrode  surface. 

Physical  properties  of  AChR- lipid  films  were  Investigated  at  the  air-water 
Interface  as  a  function  of  surface  pressure.  The  AChR-llpld  film  were 
transferred  onto  electrodes  and  the  conductance  on  the  electrodes  was  found  to 
decrease  upon  Injection  of  carbonyl  choline.  Alternative  methods  for  protein 
transfer  onto  the  electrode  have  been  considered.  The  stability  and  sensitivity 
of  these  films  will  be  discussed  with  respect  to  biosensor  development. 
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(BQNTEII  IgG  LAYER  ONTO  THE  LAMMJIR-Bimsm  FlUC  CF  FRDTEIN  A 


I.V.  •Rirko.  I.S.  Yurkevich  and  V.L.  CSiaabchln 

Institute  of  Bloorganic  Chemistry,  Zhodinskaya,  5/2,  Minsk  220045  USSR 

Innunosensors  permit  to  detect  trace  amounts  of  (dmmlcals  with  hi^ 
sensitivity  and  specificity.  There  la  a  irnnher  of  problans  for  further 
development  of  this  type  of  biosensors.  One  of  them  Is  the  method  of  IgG 
immobilization  on  the  surface  of  suitable  detector  because  the  traditional 
corvalent  attachment  or  ihyslcal  sorption  don't  allow  to  lomoblllze  an¬ 
tibodies  with  high  yield  and  In  functional  orientation. 

Since  protein  A  Is  known  to  Interact  with  Fc  fragment  of  molecule, 
Langmulr-Blodgett  films  of  protein  A  were  used  for  fUther  functional 
orientation  of  IgG  layer. 

A  surface  pressure-area  and  surface  pressure-time  curves  of  protein  A 
at  the  alr-subphase  Interface  show  that  protein  A  "drowns"  well.  We  have 
mntheslzed  N-hydroocysuccinimide  esters  of  stearic  and  ^^-stearlc  acids 
and  obtained  a  number  of  hydroihbblzated  proteins  A,  modified  with  1  to  10 
hydrophobic  tails  per  protein  A  molecule.  These  modified  proteins  A  have 
been  Immunologlcnlly  charac:terlzed.  The  (xndltlons  (pH  and  composition  of 
subihase,  surface  pressure,  the  degree  of  protein  A  modification,  the  num¬ 
ber  of  transferred  monolayers)  of  the  modified  larateln  A  Langmulr-Blodgett 
films  deposition  were  optimized.  It  permited  to  obtain  langmulr-Blcxigett 
films  of  protein  A,  ^cdi  bind  i^ei-IgG  3-5  times  mcsre  effective  than 

I 

protein  A  innbblllzed  on  the  same  substrate  chanically  with  amino  silane 
and  glutaric  ald<^de. 
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LATERAL  PROTON  CONDUCTION  ALONG  LIPID  MONOLAYERS  SPREAD 

AT  THE  AIRAVATER  INTERVACE 

Teissid  J..  Prats  M.  and  Gabriel  B. 

Centre  de  Recherches  de  Biochimie  et  de  G6n6tique  Cellulaires  du  CNRS  - 118,  route  de  Narbonne  F-31062 
TOULOUSE  Cddex  France. 

Membrane  solution  interfaces  are  playing  a  decisive  role  in  the  function  of  biological 
cells.  The  movement  of  protons  is  very  important  being  involved  in  the  transduction  of  energy 
by  membranes.  One  open  question  is  to  know  if  this  movement  is  only  perpendicular  to  the 
plane  of  the  membrane  or  if  a  lateral  flow  may  occur. 

Lateral  proton  facilitated  movement  along  lipid  monolayers  can  be  observed  by 
fluorescence  spectroscopy.  This  approach  allowed  us  to  demonstrate  in  1985  that  the  movement 
was  much  faster  along  the  lipid/water  interface  than  in  the  bulk  phase.  These  results  were 
confirmed  in  our  further  studies  using  either  interfacial  fluorescence  spectroscopy,  surface 
pressure  or  surface  potential.  This  conclusion  was  supported  by  the  observation  in  other  groups 
of  an  enhanced  electrical  conductance  along  the  interface  when  a  monolayer  was  present.  This 
was  in  agreement  with  a  much  older  observation  on  multilayered  system .  A  fast  spectroscopy 
indirect  approach  showed  a  modulation  of  the  surface  conduction  by  the  nature  of  the  lipids.  All 
the  direct  evidences  of  a  facilitated  conduction  along  lipid  monolayers  were  giving  an 
experimental  support  to  the  hypothesis  of  a  "microlocalized"  pathway  for  the  "chemiosmotic 
coupling"  in  energy  transducing  membranes  we  mentioned  above. 

A  systematic  investigation  of  this  conduction  was  performed  by  use  of  interfacial 
fluorescence.  Continuity  of  the  lipid  matrix  was  a  key  property  of  the  film.  The  process  was 
observed  whatever  the  nature  of  the  polar  headgroup  but  was  only  detected  when  the  state  was 
liquid  expanded. 

The  molecular  mechanism  responsible  for  this  facilitated  interfacial  proton 
movement  was  proposed  to  be  due  to  the  occurence  of  an  hydrogen  bond  network  between  the 
polar  headgroups  of  the  phospholipids  and  the  interfacial  water  molecules  as  suggested  by  D. 
Chapman  more  than  20  years  ago.  This  was  experimentally  supponed  by  the  detection  of  a  very 
steep  pH  gradient  along  the  interface  when  the  conduction  was  present,  the  effect  of  magnetic 
field,  of  Ca  on  phosphatidylethanolamine  monolayers  and  more  directly  by  the  behaviour  of 
deoxy  derivatives  of  ether  linked  phosphatidylglycerol.  The  observations  that  this  conductive 
network  is  no  more  effective  when  the  film  is  in  the  conttensed  stare  can  be  explained  by  a 
dehydration  of  the  interface  when  the  lipids  are  brought  to  the  Liquid  Condensed  state  or  by  a 
conformational  change  of  the  polar  headgroup  region.  But  this  inhibition  is  specific  of  the  gel 
state  and  as  biological  membranes  are  always  fluid,  we  may  conclude  that  lipid  domains  at  their 
surface  are  putative  conduits  fen*  proton  movement  as  supposed  in  the  coupling  mosaic  model. 
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CO-PLANAR  PATTERNS  OF  SELF-ASSEMBLED  MONOLAYERS 
FOR  SELECTIVE  CELL  ADHESION  AND  OUTGROWTH 


J.H.  Georaer  Jr.,  and  C.S.  Dulcey,  Geo-Centers,  Inc.,  Ft.  Washington,  MD 
20744. 

D.A.  Stenger,  and  T.L.  Fare,  Center  for  Bio/Molecular  Science  and  Engineering, 
Code  6090.  Naval  Research  Laboratory,  Washington,  DC  20375-5000. 

ABSTRACT 

A  recently-developed  deep  ultraviolet  (DUV)  photolithographic  method  has 
been  used  to  produce  high  resolution  (1-200  fjm  feature  size)  patterns  of  co- 
planar  self-assembled  monolayers  (SAMs)  on  solid  substrates.  In  one  exeunple, 
substrates  modified  with  SAMs  of  a  silane-coupled  ethylenediamine  (EDA)  are 
directly  modified  by  DUV  exposure  through  metallized  masks  to  create  exposed 
areas  which  are  amenable  to  remodification  using  a  hydrophobic  perfluorinated 
molecule,  such  as  tridecafluorosilane  (13F).  Contact  angle  goniometry  and  uv 
spectrocopy  of  these  patterned  SAMs  show  that  adjacent  regions  of  intact 
organic  functionalities  of  EDA  and  13F  residing  in  the  same  molecular  plane 
are  produced  by  this  technique.  Human  SK-N-SH  neuroblastoma  cells  plated  from 
growth  media  on  substrates  with  these  SAM  patterns  show  98%  selective  cell 
adhesivity.  Explanted  neurons,  from  fetal  mouse  hippoc^pus,  selectively 
adhered  and  restricted  their  outgrowth  of  dendrites  and  axons  to  1-20  /vm-wide 
cell-adhesive  EDA  lines  on  EDA/13F  patterns.  The  selective  adhesion  and 
outgrowth  on  these  SAM  patternr  of  a  variety  of  other  cell  types  will  be 
presented.  This  presentation  will  demonstrate  that  this  technicgue  is  a 
simple,  yet  powerful  method  for  producing  co-planar  SAMs  for  cell  adhesion  and 
outgrowth.  Patterned  co-planar  SAMs  produced  using  this  technique  may  provide 
novel  devices  where  the  non-random  positioning  and  development  of  cells  is 
necessary,  and  will  provide  more  detailed  experimental  information  for  the 
increased  understanding  of  substrate-mediated  neuronal  development  and 
function. 


Mokcular  reGognition, 
seif-assembliug  systems 
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SUPRAMOLECULAR  CHEMISTRY:  FROM  MOLECULAR  RECOGNITION 
TOWARDS  MOLECULAR  DEVICES  AND  SELF-ORGANIZATION 

Jean-Marie  LEHN 

University  Louis  Pasteur,  Strasbourg  and  College  de  France,  Paris,  France 

Molecular  recognition  rests  on  the  molecular  information  stored  in  the  interacting 
species.  Together  with  catalysis  and  transport,  and  in  combination  with  polymolecular 
organization,  it  opens  ways  towards  molecular  and  supramolecular  devices,  defined  as 
structurally  organized  and  functionally  integrated  chemical  systems  built  on  supramolecular 
architectures.  The  development  of  such  devices  requires  the  design  of  molecular  components 
performing  a  given  function  (e.g.  photoactive,  electroactive,  ionoactive,  ihermoactive  or 
chemoactive)  and  suitable  for  assembly  into  an  organized  amy. 

Light-conversion  devices  as  well  as  approaches  towards  molecular  electronic  and 
ionic  devices  have  been  investigated. 

Of  special  interest  is  the  possibility  to  design  devices  that  may  form  by  molecular  self- 
assembling. 

Supramolecular  chemistry  has  relied  on  more  or  less  pre-organized  molecular  receptors  for 
effecting  molecular  recognition,  catalysis  and  transport  processes.  A  step  beyond  consists  in  the 
design  of  systems  undergoing  self-organization,  i.e.  systems  capable  of  spontaneously 
generating  a  well-defined  supra-molecular  architecture  by  self-assembling  from  their 
components  in  a  given  set  of  conditions.  The  information  necessary  for  the  process  to  take 
place  must  be  stored  in  ihs  components  and  performs  via  selective  molecular  interactions.  Thus, 
these  programmed  molecuiar  systems  operate  via  molecular  recognition. 

Several  approaches  to  self-assembling  systems  have  been  pursued : 

1)  the  formation  of  helical  metal  complexes,  the  double-stranded  helicates,  that  result  from 
the  spontaneous  organization  of  two  linear  polybipyridine  ligands  into  a  double  helix  by 
binding  of  specific  metal  ions; 

2)  the  generation  of  mesophases  and  liquid  crystalline  polymers  of  supramolecular  nature 
from  complementary  components,  amounting  to  macroscopic  expression  of  molecular 
recognition; 

3)  the  molecular  recognition  directed  formation  of  ordered  solid  state  structures. 

Such  systems  may  be  able  to  perform  highly  selective  operations  of  recognition,  reaction, 
transfer  and  structure  generation  for  signal  and  information  processing  at  the  molecular  and 
supramolecular  levels. 
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MOLECULAR  ENGINEERING  AT  THE  AIR-WATER  INTERFACE  : 
BUILDING  UP  DESIGNED  SUPERMOLECULAR  ASSEMBLIES 
WITH  AMPHIPHILIC  PORPHYRINS. 

F.PORTEU,  S.PALACIN.  A.RUAUDEL-TEIXiER,  A.BARRAUD. 

CEA/Service  chimie  moleculaire.CE  Saclay,  Bat.125 
91 1G1  G!F  SUR  YVETTE  Cedex  (FRANCE). 


The  increased  interest  showed  in  the  last  ten  years  in  the  Langmuir-Blodgett  (LB) 
technique  results  mostly  from  the  unique  ability  of  this  technique  for  the  building  of  well- 
defined  materials  .  Of  particular  interest  is  the  opportunity  of  building  up  supermolecular 
assemblies  from  designed  organic  molecules  under  a  fully  controlled  process .  Considering  the 
intimate  relationship  between  molecular  structure  and  supramolecular  reactivity  in  the  solid  state, 
the  collective  order  provided  by  the  LB  technique  strongly  governs  the  specific  properties  of 
these  ultrathin  films  and  their  potential  applications  .  Within  this  field,  porphyrins  and  their 
deiivatives  exhibit  interesting  prqwrties  which  can  be  modulated  by  the  structural  environment 
ina  a  geometrical  control  of  the  molecular  interactions. 

So,  it  seems  attractive  to  study  the  ability  of  amphiphilic  porphyrins  to  build  new 
supermolecular  assemblies  by  the  LP  technique  .  Our  strategy  is  based  on  the  geometrical 
control  of  the  intermolecular  interactions  occurring  at  the  air/water  interface  between  two 
different  amphiphilic  molecules .  Two  macrocyrles  have  been  synthesized  in  this  goal :  the  tetra- 
4-oxy-(2  docosanoic  acid)  pheuyl  porphyrin  (Pj)  and  the  tetra-3-docosyl  pyridinium  porphyrin 
{P2)  .The  aim  of  the  present  work  is  the  controlled  building  of  oriented  supermolecular 
aasemblies  through  molecular  recognition  at  the  air/water  interface  between  oppositely  charged 
monomers  (P2  bears  four  positive  charges  while  Pi  bears  four  ionizable  carboxylic  functions). 
Hence,  spreading  the  equimolar  mixture  [Pi  +  P2]  at  the  air/water  interface  undergoes  the 
formation  and  the  orientation  of  self-assembled  heterodimers,  the  structure  of  which  are  checked 
out  by  convergent  spectroscopic  techniques  such  as  linear  dichroism  or  anisotropic  ESR  on 
copper  II  derivatives  .  In  that  case,  the  spontaneous  heterodimerization  asises  from  a 
geometrically  coiurolled  recognition  between  the  two  planar  macrocycles  which  lie  togeiher  flat 
on  the  water  surface  .  However,  a  slight  modification  of  the  amphiphilic  macrocycles  may 
prevent  the  spontaneous  formation  of  face  to  face  dimers  at  the  air/water  interface  and  promote 
the  building  of  lateral  ionic  interactions  betwee”  adjacent  macrocycles  organized  as  a  planar 
paving  by  the  Langmuir  technique .  Hence,  when  P2  i.'  replaced  by  its  p-  0x0  dimer  (FeP2)20, 
no  heterodimen-yitinn  is  observed.  In  this  case,  the  extra  macrocycle  P2  plays  the  role  of  a  bulicy 
axial  ligand  for  the  former  one  and  precludes  the  formation  of  a  face  to  face  heterodimer  with 
Pi.  Moreover,  infrared  spectroscopy  indicates  that  the  ionic  links  between  the  two  oppositely 
cliarged  porphvrins  are  still  present  witi  n  ihe  LB  structure  which  becomes  totally  insoluble  in 
their  spreading  solvent .  These  results  are  in  favor  of  the  spontane^.-us  formation  of  an  ionic 
network  occuring  at  the  air/water  interface  between  the  opoositely  charged  porphyrins  (FrP2)20 
and  P|  . 

Th de.‘'igned  supermolecular  assemblies  can  be  fcuiii  through  the  geometrical  control  of 
intermolecular  interactions  at  the  air/water  interface  .  1  nis  general  strategy  provides  an  elegant 
and  efficient  access  towards  molecular  machines . 
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SELF-ASSEMBLY  OF  AVIDIN/BIOTIN  MONOLAYERS  AND  MULTILAYERS 


H. Morgan.  D.M. Taylor  and  C.D' Silva 
Institute  of  Molecular  and  Biomolecular  Electronics 
University  of  Wales 

Dean  Street,  Bangor,  Gwynedd  LL57  lUT,  UK 


The  assembly  of  molecular  networks  is  an  important  goal  in  the 
realisation  of  functional  Molecular  Electronic  systems.  As  a  first  step  in 
the  fabrication  of  such  networks  we  have  utilised  the  strong  affinity  of 
the  protein,  avidln,  for  the  biotin  ligand..  Stoichiometric  mixtures  of  the 
protein  with  the  bifunctional  ligand  bisbiotin  readily  polymerise  and  the 
resulting  polymer  can  be  spread  at  the  air/water  interface  and  deposited 
onto  substrates  using  the  LB  technique.:  The  behaviour  of  the  preformed 
polymers  at  the  air/water  interface  will  be  described  and  TEM  micrographs 
of  the  deposited  monolayers  presented. 

In  related  experiments  we  have  successfully  chemisorbed  the  biotin 
ligand  to  an  evaporated  gold  surface.  Subsequently,  further  monolayers  of 
avidin  and  bisbiotin  have  been  chemisorbed  to  the  biotin  layer  suggesting 
that  it  may  be  feasible  to  assemble  polymer  chains  one  subunit  at  a  time  on 
a  solid  surface.  The  deposition  process  is  monitored  by  surface  potential 
and  surface  plasmon  resonance  techniques.  The  protein  layer  makes  a 
poLitive  contribution  to  the  surface  potential,  consistent  with  the  known 
excess  of  positively  charged  residues  on  the  protein..  From  surface  plasmon 
resonance  studies,  the  thicknesses  of  the  first  biotin  and  avidin 
monolayers  were  found  to  be  consistent  with  known  molecular  structure. 
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SELECTIVE  SUBSTRATE  BINDING  TO  GUANIDINIUM  AND  UREA 
FUNCTIONALIZED  MONOLAYERS 

Darryl  Sasaki.  Takaharu  Kawahara,  Yasuhiro  Ikeura, 
Kazue  Kurihara,  Toyoki  Kunitake 

Molecular  Architecture  Project,  JRDC,  Kurume  Research  Park 
2432  Aikawa-cho,  Kurume,  Fukuoka  830  Japan 


Molecular  recognition  at  the  cell  surface  ij  an  essential 
phenomenon  for  the  initiation  of  intercellular  and  transmembrane 
processes  infl.iencing  the  cell's  direction  of  growth,  defenses, 
and  death.  We  are  currently  investigating  the  aspect  of 
molecular  recognition  on  a  membrane  surface  utilizing  synthetic 
amphiphiles  to  isolate  and  study  the  basic  interactions  between 
substrate  and  membrane  receptor.  •  We  report  here  the  selective 
substrate  binding  on  a  guanidinium  (ionic-type)  functionalized 
monolayer  1  and  on  a  urea  (H-bonding)  monolayer  2, 

Qualitative  as  well  as  quantitative  substrate  binding  for 
monolayers  of  1  and  2  were  assessed  through  several  analytical 
techniques.  With  monolayers  of  2  pressure-area  (Ji-A)  isotherms 
exhibit  expansion  when  proton  acceptor  substrates  are  present  in 
the  subphase,  indicating  substrate  binding.  Interestingly,  the 
monolayer  of  1,  studied  via  UV  reflectance  spectroscopy  as  well 
as  7t-A  isotherms,  exhibits  amphiphile  disorder  (expansion)  or 
order  (condensation )  dependant  on  the  number  of  interaction 
points  between  the  substrate  and  monolayer.  Data  provided  by 
FTIR  spectroscopy  of  LB  films  of  monolayers  of  1  and  2  deposited 
from  substrate  laden  subphases  confirmed  substrate  binding. 
Quantitative  results  were  obtal  led  through  ESCA  of  the  LB  films.. 
Concentration  studies  (e.g.  Fig.  1)  of  sukstrates  binding  to 
monolayers  of  1  and  2  gave  binding  con.  tants  for  various 
substrates.  With  the  ionic  properties  of  1,  AT?  and  AMP 
substrates  gave  strong  Langmuir  binding  constants  of  1.0  x  10^ 
and  3.0  x  10'’  M'^,  respectively.  Monolayer  of  2  with  strong  H- 
bonding  ability  gave  binding  constants  with  thymine  at  3.0  x  10^ 
M~^.  These  binding  constants  ace  essential  in  providing  a  handle 
for  the  design  of  multifunctional  receptor  sites  at  membrane 
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MOLECULAR  RECOGNITION  IN  MONO-  AND  MULTILAYERS: 
BIOTIN-STREPTAVIDIN  SYSTEMS  AND  ANALOGS 


M.  Hoffmann,  W.  Muller.  H.  Ringsdorf,  E.  Rump 
Inst.  f.  Org.  Chsm.,  Universitat  Mainz,  Becherweg  18-20, 

D-6500  Mainz,  Germany 


Specific  interactions  between  proteins  and  membrane  in¬ 
corporated  receptors  are  the  basis  of  signal  transduction 
processes  in  biological  systems.  Thus  proteins  can  be  valuable 
components  in  biosensor  applications  of  LB  mono-  and  multi¬ 
layers.  Incorporation  of  proteins  and  their  ligand  molecules 
in  synthetic  LB  mono-  and  multilayers  allows  the  combination 
of  che  high  specificity  of  biological  recognition  processes 
and  the  stability  respectively  functionalizability  of 
synthetic  mono-  and  multilayer  systems. 

Specific  interaction  between  biotin  (vitamin  H)  and  the 
protein  streptavidin  in  monolayers  of  synthetic  lipids  with 
biotin  headgroups  results  in  the  formation  of  highly  ordered  2D 
streptavidin  crystals  in  the  plane  of  the  monolayer  [1]  .  Two 
bindi.ng  sites  cf  the  protein  which  are  still  free  offer  the 
possibility  to  further  functionalize  the  streptavidin  layer  [2]  . 
To  proof  the  applicability  of  this  system  for  building  up  prote- 
i-caceous  multilayer  structures  a  specific  stabilization  or  com¬ 
petitive  replacement  of  the  streptavidin  layer  is  investigated. 

Use  of  newly  ..ynthesized  lipids  containing  desthiobiotir. 

-  a  biotin  analog  -  (fig  1)  also  leads  to  formation  of  2D- 
streptavicin  crystals.  The  binding  constant  of  desthiobiotir.  is 
twc  orders  of  magnitude  lower  compared  to  biotin.  Thus  protein 
layers  car.  selectively  be  separated  from  the  lipid  monolayer  by 
ccr.petetive  replaceiicnt  with  biotin. 
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Stabilization  of  functional  streptavidin  layers  can  be 
achiev'ed  by  use  of  biotin  containing  am.phiphilic  polymers,  or 
biotin  ;  ontaining  polymerizable  amphiphiles.  Thus  various  Ut'- 
pclymeriztble,  biotin-containing  diacetylene  lipids  have  been 
synthesized  (  fig  2)  .  They  have  been  shown  to  form,  well  ordered 
monomeric  and  polymeric  monolayers  which  can  specifically  bind 
streptavidin.  The  spectroscopic  properties  of  poly-diacetylenes 
furthermore  offer  the  possibility  to  detect  very  small 
conformational  changes  in  the  polymer  backbone  such  as  can  be 
i.nauced  by  streptavidin  binding  to  the  biotin  headgroups. 
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(1]  R.Blankenburg,P.Meller,H. Ringsdorf, C.Salesse;Bioc73einistry,28  (1989)  8214 

[2]  M.Ahlers,R.Blan)cenburg,D.W. Grainger,?. Meller,H. Ringsdorf, C.Salesse,  Thin 
Solid  Films, 160  (1989)  93.  M.Ahlers, W, Muller, A. Reichert, H. Ringsdorf , 
j.Venzmer,  Angew.Chem.  Int.Ed.Engl.  29  (1990)  1269 
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Photochromism  of  Spiropyran  on  Supermolecular  Assemblies 


Shoujun  Xiao,  Zuhong  Lu,  Rong  Zhu,  Yu  Wei 
Laboratory  of  molecular  and  biomolecular  electronics 
Southeast  University,  Nanjing, 210018, P.R. China 


Photochromic  systems  offer  some  interesting  industrial 
applications  including  high  density  optical  memories.  Recently 
there  has  been  an  increasing  interest  in  the  complex  formation 
of  spiropyran  which  provided  a  novel  approach  for  improving 
the  light-fastness  for  imaging  and  data  recording  systems. This 
paper  describes  firstly  the  photochromism  of  supermolecular 
assemblies (Fig, 1)  of  spiropyran  with  phenylalanine  by  using 
langmuir-Blodgett  technique . 


SP/(^k=CitH„.  5;>/^R  =  OiHs7 

Fig.l  Formation  of  supermolecular  assemblies 

The  n-A  isotherms  for  spiropyran  spreaded  on  phenylalanine 
solutions  are  similar  to  those  on  pure  water  surface  under  UV 
irradiation.  The  area  per  SP16(Fig.l)  molecule  occupied(  20A) 
at  high  temperature ( >34 ’c)  is  much  smaller  than  that  given  by 
molecular  models,  suggesting  that  the  hydrophilic  photochrome 
head  group  comes  to  lie  directly  beneath  the  chain  attached  to 
its  extremity,  A  new  absorption  of  merocyanine(SP16)  appeared 
in  accumulated  LB  films  on  quarts  slides  and  this  assigned  to 
assemblies.  Furthermore,  there  is  a  considerable  retardation 
of  the  photofading  and  thermal  decoloration  rates. 

This  method  can  be  expected  to  improve  the  image  stability  of 
recording  system. 


l.a)Sunamoto,J;  Iwamoto,K;  Mohri,Y  and  Kominato,  T.  J.A.C.S. 
104,  5502-5504(1982),., 

b)L.S.Atabekyan  and  A.K.Chibisov,  J.  Photochemistry,  34, 
323,  (1986). 
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AN  APPROACH  TO  IMPROVING  THE  HOMOGENETTY 
OF  POLYMER  MONOLAYERS 

J.  B.  P^  and  G.  T.  Baines 
Department  of  Chemistry,  The  Univeraty  of  Queensland 
Brisbane,  Quee^and,  Australia  4072 

A.  Schuster  and  H.  Bingsdoif 

Institut  fur  Organische  CLemie,  Johannes  Gutenberg  Universitat 
D-6500  Mainz,  Germany 

Unlike  monolayers  of  small  surfactant  molecules,  monolayers  of  polymers 
usually  develop  a  marked  gradient  in  surface  pressure  during  compression*’^ 
because  of  high  viscosity  or  low  diffusion  rate.  For  many  purposes  it  is 
necessary  to  improve  the  homogeneity  of  polymer  monolayers.  Our  recent 
results^  show  that  the  introduction  of  a  simple  monomeric  surfactant  into 
polymer  monolayers  may  greatly  reduce  the  gradient.  However  appropriate 
changes  to  the  chain  structure  of  the  pol3rmer  might  be  another  approach,  and 
our  first  attempts  are  reported  here.  The  molecular  design  is  based  on 
increasing  the  length  and  hence  the  flexibility  of  the  main  chain  in  the 
repeating  unit  of  the  polymer,  making  it  hydrophilic,  while  keeping  the  side 
chain  hydrophobic.  This  would  improve  the  mobility  of  the  side  chains  on  the 
surface  of  the  water.  Typical  of  the  polymers  employed  is  I-x,  with  the  unit 
structure  shown: 


I 


where  z  =  0  or  3. 

Measurements  of  surface  pressure  along  the  center  line  of  the  trough 
demonstrate  that  a  .steep  gradient  in  surface  pressure  is  gradually  built  up 
during  compression  of  I-O  monolayers  and  that  once  the  gradient  has  formed  it 
does  not  vanish  in  90  minutes  although  it  is  reduced  by  about  half.  However 
in  the  films  of  1-3  there  is  a  much  smaller  surface  pressure  gradient  formed 
during  compr^sion.  The  isotherms  of  these  two  polymer  monolayers  are  quite 
different:  for  I-O  the  isotherm  is  very  steep  and  the  areas  indicate  dose 

packing  of  the  idde  chains;  in  contrast,  the  isotherm  of  I-^  has  a  c'ualler  slope 
and  the  ar^  are  substantially  larger,  approaching  the  area  of  I-O  only  at  high 
surface  pressures.  The  much  greater  compressil^ty  of  1-3  indicates  that  its 
main  chain  is  easy  to  rearrange,  facilitating  moi^ent  of  the  side  chains.  Thus 
the  viscosity  of  f-3  is  much  lower  than  that  of  I-O  and  this  leads  to  much 
smaller  suruM:e  pr^sure  gradients  on  compression. 

1.  Peng,  J.  B.  and  Barnes,  G.  T.,  Langmuir,  1990,  6,  578. 

2.  Peng,  J.  B.  and  Barnes,  G.  T.,  to  published. 

3.  Peng,  J.  B.  and  Barnes.  G.  T.,  to  be  published. 
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A  NOVEL  ALTERNATING-LAYER  TROUGH 

L  s  Millar  and  P  J  Stone 

Department  of  Applied  Physical  Sciences 
Coventry  Polytechnic,  Priory  Street,  Coventry  CVl  5FB,  UK 

There  are  two  principal  designs  of  Langmuir-Blodgett  trough:  the 
constant -perimeter  and  the  sliding-barrier.  Conventional  constant 
perimeter  troughs  often  suffer  from  problems  of  contamination  or 
difficulty  in  cleaning  the  barrier.  The  design  of  trough  discussed  here 
is  based  on  the  'diamond-barrier*  design  discussed  earlier  (Miller  et  al 
1988),  but  developed  for  use  in  an  alternating-layer  mode  as  most  often 
utilised  for  depositing  non-centrosymmetric  systems  for  second  harmonic 
generation. 

In  the  present  trough,  two  diamond-barriers  are  used,  so  building  on 
the  technology  developed  for  the  single  diamond  version.  It  maintains, 
therefore;  exceptionally  high  standards  of  cleanliness  facilitated  by 
using  no  relatively-moving  parts  within  the  active  area;  excellent  flow 
patterns;  accurate  determination  of  transfer  ratio.  The  )cey  new  feature 
is  a  sample  transport  system  which  enables  the  sample  to  travel  the 
comparatively  large  distances  involved  below  and  above  the  water.  The 
dipping  mechanism  provides  a  true  vertical  movement,  with  constant 
insertion  and  withdrawal  rates;  only  the  sample  (and  not  ancillary 
mechanisms)  is  passed  through  the  water  surface.  Moreover,  it  could 
readily  be  adapted  to  more  than  two  compartments  (diamonds) . 

We  would  li)ce  to  thank  the  SERC  for  support. 
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L  S  Miller,  D  E  Hookes,  P  J  Travers  and  A  P  Murphy  (1988) :  A  new  type 
of  Langmuir-Blodgett  Trough.  J  Phys  E:  Sci.  Inst. 21,  163-167. 
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MOLECULAR  ORIENTATIONS  OF 

SUBSTITUTED  PHTHALOCYANATO-POLYSILOXANES  IN  LB  FILM 

KIYOSHI  YASE,  STEFAN  SCHWIEGK*,  GUNTER  LIESER* 

AND  GERHARD  WEGNER* 

F.  ..ulty  of  Applied  Biological  Science^  Hiroshima  University , 
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*  Max-Planck  Institute  for  Polymer  Research,  Postfach  3148, 
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Substituted  phthalocyanato-polysiloxane  (PcPS)  is  spread  on 
an  aqueous  subphase,  transferred  onto  the  Langmuir-Blodgett 
(LB)  film  of  Cd  or  Ba  arachidate,  annealed  at  ISO^C  for  2  h 
and  then  characterized  by  a  transmission  electron  microsco¬ 
py.  Electron  diffraction  pattern  of  PcPS  LB  films  exhibits 
two  kinds  of  reflection  arcs,  which  correspond  to  the  intra¬ 
molecular  distance  of  0.33  nm  and  the  second-order  intermo- 
lecular  spacing  of  1.2  nm,  respectively.  These  arcs  extend 
over  an  angle  of  +  35**  with  respect  to  the  direction  of  film 
transfer.  Dark-field  images  represent  domains  and  high 
resolution  electron  micrographs  can  identify  not  only  single 
molecules  of  PcPS  but  also  real  structure  in  polymer  LB 
films . 
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SYNTHESIS  OF  POLYSILOXANE  FILMS  WITH  VARIED  MICROSTRUCTURES 
IN  MATRICES  OF  SYNTHETIC  BILAYER  MEMBRANES 

KanjL.JS.aXaLa  and  Toyoki  Kunitake 
Molecular  Architecture  Project,  JRDC, 

Kurume  Research  Park,  Kurume  830,  Japan 


Synthetic  bilayer  membranes  can  form  highly  stable  molecular 
aggregates  in  water  and  provide  a  rich  variety  of  well-defined 
morphologies.  Owing  to  their  remarkable  self-assembling 
properties,  synthetic  bilayer  membranes  can  be  thought  to  be 
useful  as  molecular  templates  for  synthesis  of  polysiloxane 
network  with  microstructures  controlled  on  molecular-sized 
scale.  In  the  present  study,  polysiloxane  films  were  prepared 
from  alkoxysilanes  by  the  sol-gel  method  in  matrices  of 
synthetic  bilayer  membranes. 

A  mixture  of  synthetic  bilayer  membrane  and  CH3Si(OCH3)3  was 
dispersed  in  water  by  sonication  and  spread  on  a  fluorocarbon 
polymer  sheet  for  casting.  The  cast  film  containing  synthetic 
bilayer  membrane  and  CH3Si (OCH3)  3  was  exposed  to  NH3 vapor  in 
order  to  polymerize  the  alkoxysilyl  group  to  siloxane  bridges. 
By  extracting  synthetic  bilayer  membrane  from  the  cast  film  with 
solvent,  a  polysiloxane  film  was  obtained.  The  microstructure 
of  polysiloxane  film  was  observed  with  high-resolution  SEM. 

Polysiloxane  films  with  much  different  types  of 
microstructures  such  as  multi-layered,  fiber-like,  small 
particle-aggregated,  spherically-pored,  plate-like  pored,  etc., 
which  were  composed  of  nanometer-order  units,  were  obtained  in 
this  method.  These  molecular-sized  microstructures  resulted  as 
replicas  of  a  rich  morphological  variety  of  synthetic  bilayer 
membranes  such  as  vesicle,  lamella,  helix,  etc.  The 
microstructure  of  the  polysiloxane  film  also  changed  with  molar 
ratio  of  the  two  components  and  with  the  preparative  conditions. 
These  microstructures  mainly  reflected  the  stability  and 
morphology  of  the  agueous  mixed  dispersions. 

The  present  methodology  is  highly  valuable  for  controlling 
microstructures  of  the  polysiloxane  network  on  molecular  scale. 
It  should  be  generally  applicable  to  preparation  of  organic  and 
inorganic  materials  with  molecularly  defined  microstructures. 
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ORIENTATION  OF  POLYIMIDE  LB  FILMS  IN  PLANE  DIRECTION 
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Department  of  Organic  and  Polymeric  Materials 
Tokyo  Institute  of  Technology,  Meguro-ku,  Tokyo  152,  Japan 

We  have  developed  the  precursor  method  for  the  preparation  of 
polyimide  LB  films.  As  shown  in  eq.  1,  polyamic  acids  which  are  the 
general  precursor  of  polyimides  were  converted  to  polyamic  acid  salts  4 
by  mixing  with  long  alkylamines.  The  precursor  4  offered  the  stable 
monolayers  at  air/water  interface,  and  were  transferred  on  to  ap¬ 
propriate  substrates  by  the  usual  LB  technique.  Polyimide  LB  films 
were  obtained  by  treatment  of  LB  films  of  4  by  the  solution  of  acetic 
anhydride  and  pyridine. 

Polyamic  acids  possessing  azobenzene  unit  in  the  polymer  backbone 
were  synthesized  to  examine  the  orientation  of  the  polymer  chain.  It 
was  reported  that  the  polymer  chain  oriented  to  the  parallel  direction  of 
the  pressing  bar  of  the  LB  instrument  as  the  results  of  measurement  of 
the  polarized  absorption  spectra  of  the  L  film,  and  as  far  as  the 
monolayer  at  air/water  interface  was  transferred  using  the  ordinary 
trough  in  which  the  width  of  the  plate  was  much  smaller  than  that  of 
the  monolayer,  the  orientation  direction  of  the  polymer  chain  was 
changed  by  transfer  process.[l]  This  fact  can  be  explained  by  drawing 
effect  of  the  polymer  chain.  On  the  other  hand,  the  orientation  at 
air/water  interface  was  retained  using  the  moving  wall  type  LB  equip¬ 
ment.  Factors  such  as  chemical  structure  of  the  polyamic  acid,  surface 
pressure  at  the  deposition,  dipping  speed  of  the  plate  were  examined  in 
detail.  It  was  found  that  the  polyamic  acid  possessing  terphenyl  struc¬ 
ture  tended  to  highly  orient  compared  with  other  polyamic  acids.  Thus, 
if  one  can  make  the  polymer  chain  orient  with  high  degree,  highly 
oriented  polyimide  LB  films  should  be  obtained.  These  are  applied  to 
not  only  aligning  layers  of  the  liquid  crystalline  ceils  but  also  the  fu¬ 
ture  molecular  devices. 

[1]  S.  Seki,  S.  Baker,  J.  Seto,  Y.  Nishikata,  M.  Kakimoto,  Y,  Imai,  Ex¬ 
tended  Abstracts  (The  37th  Spring  Meeting,  1990);  The  Japan  Society 
of  Applied  Physics  and  Related  Societies,  1049. 
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THEORY  OF  FLOW  ORIENTATION  EFFECTS  IN  LANGMOIR-BLODGETT  FILMS 

Michio  Sugj.  Yuka  Tabe,  Keiichi  Ikegami,  Shin-ichi  Kuroda, 

Kazuhiro  Saito  and  Mitsuyoshi  Saito 

Electrotechnical  Laboratory,  1-1-4  Uniezono,  Tsukuba,  Ibaraki  305,  JAPAN 

The  Langmuir- Blodgett  (LB)  technique  is  based  on  the  manipulation  of  a 
monolayer  condensed  at  the  air-water  interface  and  the  transfer  of  it  by  dipping 
and  raising  a  substrate  through  the  interface  (vertical  dipping  method).  Thus, 
one  can  hardly  miss  the  dynamic  aspects  of  the  technique.  We  have  aimed  at  a 
quantitative  approach  to  describe  the  in-plane  anisotropy  often  seen  in  LB 
system  in  terms  of  a  set  of  variables  characterizing  the  deposition  process. 

In  previous  papers  ,  we  have  presented  an  analytical  model  of  in-plane 
anisotropy  in  LB  films  prepared  using  the  vertical  dipping  method.  The  model  is 
an  effective  medium  theory  referring  to  the  flow  of  monolayer  during  the  deposi¬ 
tion  process.  The  ideal -fluid  approximation  is  employed  for  evaluating  the 
velocity  potential  governing  the  motion  of  the  monolayer,  and  the  local  thermal 
equilibrium  approximation  is  introduced  for  examining  the  rotatory  motion  of  a 
particle  of  elongated  shape  in  this  field.  By  these  two  approximations,  the 
angular  distribution  is  analytically  derived  *  . 

The  theoretical  predictions  for  the  case  of  one  single  substrate  in  a  large 
trough  agree  well  with  the  experimentally  observed  in-plane  anisotropy  of  the 
mixed  LB  films  of  a  merocyanine  and  a  fatty  acid,  indicating  the  possibility  of 
controlling  the  in-plane  anisotropy  .  The  model  is  extended  to  the  more 

complicated  cases  such  as  various  types  of  batch  production  of  LB  films  ®  .  It 
has  been  found,  however,  that  the  predictions  for  the  batch  production  are  not 
always  adequate  for  explaining  the  experimental  results,  showing  that  there  are 
certain  limitations  of  the  present  analytical  approach®  . 

In  this  report,  we  will  discuss  the  prospect  of  applying  the  present 
analytical  approach  to  the  more  complicated  cases  together  with  the  theoretical 
grounds  of  the  ideal  fluid  and  the  local  equilibrium  approximations. 

1.  N.  Hinari,  K.  Ikegami,  S,  Kuroda,  K.  Saito,  M.  Saito  and  M.  Sugi,  Solid  State 

Commun.  65  (1988)  1259. 

2.  N,  Minari,  K.  Ikegami,  S.  Kuroda,  K.  Saito,  M.  Saito  and  M.  Sugi,  J.  Phys. 

Soc.  Jpn.  58  (1989)  222. 

3.  S.  Kuroda,  K.  Ikegami,  K.  Saito,  M.  Saito,  M.  Sugi,  S.  Suga  and  S.  Yasui, 

Solid  State  Commun.  71  (1989)  333. 

4.  S.  Kuroda,  K.  Ikegami,  K.  Saito,  M.  Saito  and  M.  Sugi,  Thin  Solid  Films  17o 
(1989)  555. 

5.  M.  Sugi,  N.  Minari,  K.  Ikegami,  S.  Kuroda,  K.  Saito  and  H.  Saito,  Thin  So’ 

Films  178  (1989)  157. 

6.  Y.  Tabe,  K.  Ikegami,  S.  Kuroda,  K.  Saito,  M.  Saito  and  M.  Sugi,  Appl.  Phys. 
Lett.  57  (1990)  1191. 
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A  NEW,  NONDESTRUCi'IVE,  SIMPLE  AND  FAST  METHOD  TO  VISUALIZE 
SUBMICRON  DEFECTS  IN  LANGMUIR-BLODGETT  FILMS 

0.  Albrecht.  H.-  Matsuda,  K.,  Eguchi,  and  T.,  Nakagiri 
C.ui  Research  Center,  Canon  Inc.,  Morinosato,  Atsugi 
Kanagawa  243-01,  Japan 

One  of  the  problems  witli  investigating  defects  in  LB-films  is,  how  to  make  them  visible  and  convert 
tlie  (lata  into  numbers  within  reasonable  time  and  without  introducing  artefacts.  Many  methods  give 
only  iiidiieri,  aveiagod  results,  like  cyclic  voltammetry,  conductivity  measurements  in  metal-LB-metal 
structures  or  IR  measurements.  Some  others,  like  electron  microscopy,  electroplating  or  selective  etching 
requiic  the  control  of  many  parameters  to  give  meaningful  results  and  are  time  consuming. 

We  want  to  add  a  new,  very  simple  method  to  the  light  microscopy  techniques.  As  is  commonly 
known  ilirougliout  the  semiconductor  industry,  many  defects  on  wafers  can  be  monitored  by  looking  at 
them  under  very  bright  (ideally  short  wavelength)  illumination.-  This  also  is  very  efficient  for  LB-films, 
but  gives  very  qualitative  results  only.  What  is  surprising  at  th''  first  glance  is  that  many  LB-samples, 
that  look  good  and  almost  free  of  defects,  when  checked  under  a  Lj,nt  microscope  (with  different  methods), 
do  show  varying  degrees  of  ‘haze’  when  inspected  by  the  above  method. 

We  combined  this  bright  illumination  method  and  light  microscopy  by  adding  a  fiber  bundle  illumi- 
natior  to  the  Light  sources  of  our  microscope.  The  light  from  the  fiber  bundle  hits  the  sample  at  a  low 
angh''  iiiidei  the  micios(ope  objective.  Thus  scattered  light  only,  from  this  source,  enters  the  microscope. 

When  this  lilii imii.ition  is  switched  on,  many  more  defects  (if  a  defect  is  defined  as  a  light  scattering 
centei)  become  visible.  This  woiks  even  while  the  normal  illumination  is  still  on  or  slightly  reduced.  In 
this  way  the  relation  of  the  scatteiing  defects  and  other  structures  {e.g..  the  birefrigent  pattern  in  fatty 
acid  films)  can  easilt-  be  found 

Comparing  the  results  quahlativcly  to  electroplating  we  find  that  the  defects,  that  .are  visible  m 
normal  illumination  seem  to  Ite  the  large  defects  and  the  defects,  that  are  added  under  bright  side 
illumination  coiiespond  to  the  small  defects  there.. 


Photographs  of  the  same  area  of  a  sample  of  a  fatty  acid  film  in  conventional  and  in 

our  new  illumination  technique. 


APS 

QUASI  TWO-DIMENSIONAL  ORDER  IN  LB-FILMS 

0.  Albrecht.  H.  Matsuda,  K.  E^dil,  and  T.  Nakagiri 
Canon  Res.  Ctr.,  Canon  Inc.,  Morinosato  Atsugi 
Kanagawa  243-01,  Japan 

LB-Alms  show,  a  priory,  only  a  defined  long  range  order  in  one  dimension.  For  many  applications, 
however,  it  would  be  desirable  to  have  long  range  order  in  more  dimensions.  One  way  to  get  this  is  to 
grow  ‘single  crystals’  on  the  water  surface  and  then  trying  to  deposit  these  structures  without  distortion 
onto  substrates,  thus  obtaining  order  in  3  dimensions.  This  last  step,  to  deposit  the  ordered  monolayers 
without  further  distortion,  however,  seems  to  be  quite  difficult,  if  not  impossible. 

We  tried  the  opposite  approach  by  using  the  dynamic  flow  characteristics  of  the  Alms  to  order  one 
more  dimension.  There  are  several  publications  about  how  film  flow  changes  the  properties  of  LB-films 
during  deposition,  but  to  our  knowledge  so  far  nobody  tried  first  to  orient  the  films  by  flow  in  a  defined 
way  cind  then  deposit  them. 

We  used  the  well  known  technique  of  visualizing  the  birefringent  domain  structures  in  fatty  acid 
films  to  see  changes  when  the  deposited  film  was  subjected  to  flow  before  deposition. 

The  most  simple  way  to  do  this  is  to  use  a  long  sUde  as  a  substrate,  deposit  some  film  on  the  lower 
portion  of  it,  thus  subjecting  the  film  around  the  slide  to  flow  and  presumably  flow  orientation,  and  then 
depositing  the  preoriented  film  on  the  upper  part  of  the  same  slide.  To  our  surprise,  the  domrun  structure 
of  the  higher  part  looks  very  much  different  from  the  structure  of  the  first  part,  where  the  film  is  not  yet 
affected  by  flow.  A  typical  structure  is  shown  in  the  following  picture. 


Domain  structure 
in  a  flow  oriented(left) 
and  reguleir  fatty  acid 
LB-film. 


SQO  um  -j_ 

The  long  dimension  of  the  stretched  domains  is  parallel  to  the  dipping  direction.  This  change  in 
structure  is  also  reflected  in  other  properties  of  the  film,  e.g.  the  light  scattering  is  very  unisotropic,  as 
can  be  seen  by  naked  eye  when  sucli  a  sample  is  rotated  in  a  microscope  while  the  illamination  is  on.  We 
will  report  conditions  for  depositing  such  films  and  compare  the  properties  to  non  oriented  films.  One 
immediate  application  of  the  high  order  in  these  films  allows  to  visualize  intentionally  induced,  single 
defects  which  can  be  found  easily  by  the  change  in  the  othe^Tvluse  regular  flow  pattern.  The  following 
picture  shows  the  structure  that  has  been  produced  by  touching  the  surface  a  vary  short  time  with  a  thin 
aspirator  tip. 

Structure  around  a  defect 
that  has  been  produced 
intentionally  and  allows 
to  identify  it  under  the 
microfcope.. 
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MONOLAYER  STABILITY  .AND  MULTILAYER  FORMATION  OF  INSOLUBLE 
MONOLAYERS  OF  IONISING  MATERIALS 

R.  Aveyard,  B.P.  Sinks  and  P.D.I.  Fletcher 
School  of  Chemistry,  University  of  Hull,  Hull  HU6  7RX, 

U.K. 

Despite  much  interest  in  Langmuir-Blodgett  (LB) 
films  because  of  their  potential  applications  in  devices, 
relatively  little  is  understood  about  the  factors 
controlling  the  stability  of  the  floating  monolayer  and 
their  successive  transfer  to  solid  substrates.  Such 
factors  may  include  the  molecular  structure  of  the  film 
forming  material,  the  .aature  of  the  solid  substrate, 
deposition  speed  elc.  Additionally,  for  ionisable 
materials  such  as  alkyl  carboxylic  acids  or  alkyl  amines, 
the  pH  and  electrolyte  content  of  the  snbphase  solution 
are  important  variables.  We  have  investigated  the 
effects  of  these  latter  variables  on  monolayer  stability 
and  deposition  for  a  range  of  ionisable  materials.  In 
particular,  this  talk  will  cover  : 

1.  '.he  effect  of  subphase  pH  on  the  stability  of 
floating  monolayers  for  a  range  of  novel  mono-  and 
di-carbcxylic  acids,  octadecylamine  and  copolymers 
of  hexaoec-l-ene/maleic  anhydride  containing  either 
a  di-acid  or  an  acid-methyl  ester  in  the  repeat 
unit . 

2.  The  composition  with  respect  to  ionisation  of 
deposiced  multilayers  of  these  materials  has  been 
determined  using  infra-red  spectroscopy. 

3.  For  one  polymer  system,  the  pH  dependence  of  th:; 
ionisation  in  the  multilayer  will  be  compared  wich 
the  pH  dependence  of  the  extent  of  divalent  m'-^al 
ion  binding  to  the  flouting  monolayer  as  determined 
using  X  ray  reflectivity. 

4.  We  have  used  a  direct  weighing  method  to  determine 
the  dynamic  contact  angle  and  the  position  dependent 
transfer  ratio  for  the  deposition  of  a  range  of 
these  materials  onto  mica  substrates.  We  will 
discuss  these  findings  in  relation  to  the  degree  of 
dissociation  in  the  film  and  the  resulting 
electrostatic  and  dispersion  forces  operating  in  the 
zone  of  contact  between  the  transferring  monolayer 
and  the  solid  substrate. 

Reference 

R.  Aveyard,  B.P.  Binks,  N.,  Carr  and  A.W.  Cross,  Thin 
Solid  Films,  188,  361  (1990) . 
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MONO-  AND  MULTILAYERS  MADE  FROM  DISCOTIC  LIQUID  CRYSTALS 

L  .■  Hauliling,  0.  Karthaus.  C.,  Mertesdorf,  T.  Plesnivy, 

H.  Rinqsdorf,  C.  Urban 

Institur  fur  Organische  Chemie,  Universiuat  Mainz, 

6500  Mainz,  FRG 

Some  diacotic  liquid  crystals  (LCs)  are  knov;n  to  form  stable 
monolayers  at  the  air  wate"  interf ace^-^)  .  Depending  on  their 
chemical  structure  two  difc^re.it  arrangements  of  the  discs  are 
possible,  edge-on  and  side- on,  which  should  crucially  influence 
the  mono-  and  multilayer  behaviour^'  .  Hence  three  different 
classes  ot  discotic  liquid  crystals  (2.-^)  bearing  rigid  cores  o 
different  polarity  were  studied,  to  examine  their  influence  on 
mono-  -’no  multilayer  plcperties. 


It  is  found,  that  the  ratr.er  ur.polar  triphenyleres  I  prefer 
monolayers  cf  the  edge-tn  type  'with  rather  sm.all  collapse  pres¬ 
sures-..  Acgregaticn  of  the  discs  seems  to  result  in  floating 
columns  of  arcmatic.  stacks.  Monolayer  stability  is  imp.roved  by 
various  yethcas,  t.ne  incorporation  of  hydrophilic  groups  into 
t.he  side  group  region  cf  the  molecul..;S  Iz.)  ,  or  alternati¬ 

vely  polymer  fixation  cf  triphenylene  discotic  LCs.,  Interes¬ 
tingly,  electron  rich  t ripherylenes  such  as  1  can  be  com.plexed 
with  electron  poor  comp  cunds  such  as  trinitrof  luorenc.ne,  to  for 
mono-  and  multilayers  cf  discotic  electron  donor-acceptor  ccm- 
plexe.s.  Such  layers  may  he  useful  for  photoconauctive  devices. 


In  contrast,  the  more  p 
as  azo  discs  2  ai'-d  acyl 
for-c  classical  monolaye 
fixed  polar  groups,  sue 
complexation  of  various 


)lar  classes  of  disc-like  m.olecules  sue.- 
itec  rr.acrocyclic  oligoamines  2  apperentl 
:3  of  side-cn  type.  Due  to  the  multiple, 
■-  monolayers  are  suited  for  selective 
lens  ,(e-.g.. ATP)  from,  the  subonase. 
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OPTIMIZING  LB-MULTILAYER  FILMS  OF  2-DOCOSYLAMINO-5-NITROPYRIDINE 
FOR  POTENTIAL  APPLICATIONS  IN  NON-LINEAR  AND  INTEGRATED  OPTICS 

G.  Decher*  and  F.  Klinkhammer 

Institut  fur  Physikalische  Chemie,  Johannes  Cutenberg-Universitat  Mainz 
Welder  Weg  1 1 ,  D-6500  Mainz,  Federal  Republic  of  Germany 


INTRODUCTION 

There  has  been  growing  interest  in  materials  and  thin 
film  devices  with  second  order  non-linear  optical 
properties  for  purposes  such  as  high  speed  optical 
computing  or  optical  communication  fl,2]. 

2-Alkylamino-5-nitropyridines  ha^e  recently  been 
introduced  for  ihc  preparation  of  a  novel  type  of  non- 
centrosymmetric  Langmuir-Blodgc;,  (LB )  multilayer 
[3,4],  All  present  data  indicate  that  LB-films  of  2- 
alkylamino-5-nitropyridines  are  head-to-head  and  taii- 
to-tail  (Y-type)  mulu-layers  with  a  rather  strong  tilt- 
angle  of  the  alkyl  chains.  The  most  effective  substance 
for  second  order  non-linear  optical  experiments  is 
2-docosylamino-5-nitropyriune  (DCANP),  where  the 
square  root  of  SH-iniensity  sncreascs  linearly  with  tlie 
layer  thickness  up  to  the  micron  range  [3,4]. 

We  have  already  demonstrated  that  the  anisotropy  with 
respect  to  the  dipping  direction,  which  is  seen  in  second 
harmonic  generation  (SHG)  [4]  and  in  UVA^is- 
spectroscopy  [3,5],  can  be  explained  by  a  structure  of 
the  LB-film  which  consists  of  relatively  small  domains, 
that  become  preferentially  aligned  during  the  dipping 
process  [5].  Recent  results  on  optical  waveguiding 
show  that  LB-Films  of  DCANP  [6,7]  are  interesting 
candidates  for  integrated  optics. 

RESULTS  AND  DISCUSSION 

In  order  to  understand  the  deposition  process  in  more 
detail,  we  have  recently  studied  the  formation  of  a 
three-dimensional  head-to-head  phase  of  DCANP 
monolayers  at  the  air/water-interface  at  surface 
pressures  above  22  mN/m  by  UV/Vis-spectros- 
copy[8].  Upon  comparison  of  these  spectra  with 
spectra  of  multilayer  films,  it  was  noticed  that  the 
multilayer  spectra  themselves  were  dependent  on  the 
type  of  film  balance  used  for  deposition.  Some  of  the 
effects  are  that  the  spectra  were  influenced  by  the 
angle  between  the  si^ace  of  the  substrate  and  the 
front  of  the  moving  barrio’.  On  the  other  hand  spectra 
are  independent  of  dii^ing  speed  only  when  the 
samples  were  deposited  with  a  LAUDA  FWl  film 
balance  and  not  when  a  NIMA  trou^  was  used.  Fig.  I 
shows  preliminary  qiectra  of  LB-multilayers  of 
DCANP  on  quartz  subshates,  obtained  with  the  NIMA 
film  balance  at  diffrent  t^iosition  speeds.  Although 
the  differences  in  the  specha  and  th^ft^e  the  changes 


in  layer  structure  as  well  as  the  molecular  mechanism 
of  monolayer  transfer  leading  to  them  are  not  yet 
understood,  the  present  experiments  further  support 
that  the  orientation  of  the  monolayer  is  induced  at  the 
three  phase  line,  where  tlie  monolayer  contacts  the 
substrate.  Currently  we  try  to  further  optimize  the 
structure  of  the  LB-films  by  varying  the  dipping 
geometry.. 
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Figure  1.  UVIVis-spectra  of  DCANP -mullilayers  on 
quartz  substrates,  deposited  with  the  NIMA  trough 
(A)  parallel  polarization;  (B)  perpendicular  polari 
zation;(C)  parallel  -  perpendicular  polarization; 
(A)  ct  (B)  at  high  ^position  speed;  (C)  at  low 
deposition  speed.  Layer  numbers  are  not  the  same,, 
please  note  the  differences  in  anisotropy 
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INTERACTIONS  BETWEEN  MONOLAYERS  AND  METAL  IONS 
AT  THE  WATER/AIR  INTERFACE 

CONDITIONS  FOR  THE  TRANSFERABILITY  AS  LB  MULTILAYERS 
S.  Bettarini,  F.  Bonosi,  G.  Gabrielli,  G.  Martini  and  M.  Pugelli 


Department  of  Chemistry,  University  of  E(»ence,  S0121  Firenze,  Italy 


This  work  repons  the  results  obtained  in  the  study  of  the  interactions  of  mono-  and 
multicharged  metal  ions,  introduced  in  the  aqueous  subphase,  with  monolayers  of  amphiphilic 
compounds  spread  at  the  liquid/air  interface.  This  allows  us  to  define  the  best  conditions  for  the 
association  or  salt  formation  between  monolayers  and  metal  ions  at  the  surface  to  be  transferred 
and  overlapped  in  order  to  prepare  stable  LB  films  containing  metal  ions.  The  following  metal 
ions  and  amphiphilics  are  used  :  K+,  Cu2+,  Mn2+,  Cr3+  ;  dihexadecylphosphate  (DHP), 
single-chain  fatty  acids  and  their  bidimensional  mixtures  with  valinomicin.  The  last  compound 
is  a  well  known  carrier  of  K'*’  ions.  The  Cu-,  Mn-  and  Cr-  containing  films  are  also 
characterized  by  ESR  for  their  magnetic  properties  and  the  K-  containing  films  for  their 
properties  as  mimetic  membrane  selective  to  ions. 

When  copper  alcanoate  films  are  analyzed,  both  the  spreading  isotherms  and  the 
ESCA  and  ESR  results  ensure  on  the  formation  of  a  monolayer  with  Cu  in  dimeric  form. 
However,  homogeneous  and  regularly  overlapped  LB  films  can  only  be  prepared  when  other 
dipositive  ions  (e.g.  Ba^+l  are  present  in  the  aqueous  subphasc.  The  dimer  formation  results 
for  the  very  difficult  transferability  of  the  film  of  the  pure  copper  compound.  The  donunating 
factor  in  determining  the  LB  film  formation  with  Mn  alcanoates  is  the  pH  of  the  aqueous 
subphase. 

With  DHP,  a  thorough  analysis  of  the  physical  phases  occuring  in  the  monolayers 
was  carried  out  by  the  spreading  isotherms  as  a  function  of  temperature  pH  and  metal  ion 
concentration. 

ESCA  spectra  on  mono-  and  multilayers  of  pure  valinomicin  or  of  its  mixtures 
with  stearic  acid  or  with  stearic  acid  methyl  ester  containing  K'*'  ions,  indicate  that  a  binding 
exists  between  K'*‘  and  valinomicin  itself  when  in  a  bidimensional  mixture.  This  is  further 
proved  by  FT-IR  spectra  of  the  same  systems. 
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INTERACTION  BETWEEN  LANGMUIR  MONOLAYERS  AND  HYDROPHILIC 

SOLID  SUBSTRATES 


Maria  Engel  and  Hans  Rieqler 

Institut  fur  Physikalische  Chemie,  Universitat  Mainz,  Welder~Weg  11,  D-6500  Mainz 


In  a  series  of  measurements  the 
dependence  of  the  adhesion  energy  from 
the  properties  of  the  lipid  monolayer  and 
the  solid  substrate  surface  has  been  in¬ 
vestigated..  In  a  typical  Langmuir-Blodgett 
transfer  configuration  for  the  hydrophilic 
transfer  of  the  first  monolayer  the  adhesion 
energy  was  derived  from  the  contact  angle, 
which  IS  related  to  the  height  of  the  menis¬ 
cus.  This  height  is  measured  by  transfer 
fluorescence  microscopy  through  the 
position  of  the  three  phase  line,  i.e.  the 
line  where  the  monolayer  contacts  the  solid 
substrate.. 

The  adhesion  energy  has  been  deter¬ 
mined  for  a  variety  of  different  ions,  ionic 
strengths,  pHs  in  the  subphase,  and  with 
different  substrates.  Thus  for  monolayers 
of  dimyristoylphosphatidylethanolamine 
(DMPE)  and  dimyristoylphosphatidic  acid 
(DMPA).;  the  importance  of  the  surface 
charge  density  has  been  evaluated..  The 
negative  headgroup  charge  of  both,  DMPE 
and  DMPA  monolayers  increases  with  in¬ 
creasing  subphase  pH.  This  reduces  the 
adhesion  energy  between  DMPE  and  solid 
Si02~substrates,  whereas  the  interaction 
between  DMPA  and  the  Si02~surface  is 
constant  in  the  pH-range  investigated 


(pH6-12).  The  results  can  qualitatively  be 
understood  in  terms  of  an  electrostatic 
double  layer  interaction  between  equally 
charged  surfaces.  The  experimental 
differences  between  DMPE  and  DMPA  are 
readily  predicted  when  taking  into  account 
the  different  charge  densities  for  DMPE 
and  DMPA.  The  validity  of  this  interaction 
model  is  further  tested  by  studying  the 
adhesion  between  solid  substrates  and 
various  lipid  mixtures  and  uncharged  mono- 
layers.;  The  adhesion  is  also  affected  by 
the  surface  roughness  and  hydration  forces. 
Their  influence  is  investigated  by  selective 
variations  of  the  ion  type  and  valence,  and 
different  solid  surfaces. 
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PREPARATION  AND  MOLECULAR  CONFORMATION  IN  LANGMUIR-BLODGETT  FILMS  FROM 
FLUORESCENTLY  AMINE  LABELED  DIACYL  PHOSPHATIDYLETHANOLAMINES 

George  R.  Ivanov 

Laboratory  of  Liquid  Crystals  and  Molecular  Electronics,  Institute  of  Solid 
State  Physics,  Bulgarian  Acad.  Sci.,  Lenin  Blvd.  72,  1784  Sofia,  Bulgaria 

For  the  first  time  LB  films  from  dipalmitoyl-nitrobenzoxadiazol- 
phosphatidylethanolamine  (DP-NBD-PE)  and  dimyristoyl-nitrobenzoxadiazol- 
phosphatidylethanolamine  (DM-NBD-PE)  were  prepared.  These  substances  were 
frequently  used  as  staining  dyes  in  fluorescence  microscopy  investigations 
of  phospholipid  films.  This  work  supplies  additional  information  for  the 
interpretation  of  these  data.  LB  films  from  these  substances  could  be  used 
for  probing  d.c.  internal  fields  of  similarly  oriented  molecular  dipoles  by 
Staric  spectroscopy  measurements  e.g.  in  phospholipids. 

The  surface  pressure  (P)  vs.  mean  molecular  area  (A)  isotherm  at  a 
temperature  (T)  of  23°C  for  DM-NBD-PE  is  shown  on  Fig.  1  (left). 
Fluorescence  microscopy  studies  show  an  ordered  structure  when  deposition 
is  carried  out  at  P  =  25  mN/m  and  T  =  6  C.  LB  films  from  these 
compounds  have  a  strong  broad  absorption  band  at  464  nm  and  a  weaker  ones 
at  332  nm  and  about  850  nm. 

Small-angle  X-ray  diffraction  at  wavelength  of  0.154  nm  was  performed 
on  films  from  DP-NBD-PE  deposited  on  silicone  wafers  substrates  (Fig.  1, 
right).  Samples  were  prepared  at  room  temperature  and  parameters  v^^ere 
calculated  as  follows:  sample  and  curve  A  -  vertical  lift,  P  =  50  mN/m,  21 
monolayers,  hydrophilic  substrate,  bilayer  distance  (D)  =  5.45  nm, 
correlation  length  in  the  normal  direction  (R)  =  42  nm;  B  -  horizontal  lift 
without  decompression,  P  =  43  mN/m,  12  touchings  of  the  monolayer, 
hydrophobic  substrate,  D  =  5.25  nm,  R  =  12  nm;  C  -  vertical  lift,  P  =  35 
mN'/m,  21  monolayers,  hydrophilic  substrate,  D  =  5.07  nm,  R  =  9  nm.  Stark 
spectroscopy  measurements  support  the  conclusion  for  great  disorder  in  case 
C.  Molecular  conformations  with  the  additional  information  from  molecular 
space  filling  models  are  discussed. 

Thanks  are  dje  to  Prof,  A,  G.  Petrov  for  many  helpful  discussions  and 
to  Prof.  E.  Sackmann  (TU  Munich),  Prof.  Blinov,  Prof.  Feigin,  Dr.  Lvov 
(Inst,  of  Crystallography,  Moscow),  Dr.  Savranskii  (Inst,  of  General 
Phvsics,  Moscow)  for  the  possibility  to  work  in  their  Laboratories.  This 
project,  wp.i-  supported  under  contract  587  with  Bulg.  Ministry  of  Science. 


Fig.  1.  P-A  isotherm  of  a  monolayer  from  W-NBD-PE  (left)  and  small-angle 
X-ray  diffraction  data  of  LB  films  from  DP-NBD-PE  (right).  See  the  text. 
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THE  EQUIPMENT  FOR  PREPARATIONS  OF  POLAR  AND 
GETEROGENEOUS  LB  FILMS 

S.G.  Yudin,  S.P.  Palto,  V.A.  Khavrichev,  S.V.  Mironenko, 

and  M.I.  Barnik. 

Organic  Intermediates  &  Dyes  Institute,  Moscow  103787,  USSR 

The  equipment  consists  of  two  troughs  and  allows  to 
prepare  geterogeneous  LB  structures. 

The  system  hardware  offers  experimental  flexibility.  Reaiy 
one  can  get  noncentrosymmetric  films  both  X-  and  Z-type  in 
each  of  the  trough.  The  two  troughs  are  independent  and  the 
subphase  in  the  troughs  may  be  different. 

A  special  mechanism  is  used  to  transfer  the  substrate  from 
one  trough  to  another. This  mechanism  also  devide  each  of  the 
trough  on  two  sections  with  a  single  subphase.  One  of  the  sec¬ 
tion  has  a  pure  water  surface.  It  is  used  to  prepare  the  non- 
centresyrametric  LB  films. 

The  equipment  is  controlled  by  a  microprocessor  system.  All 
proceses  of  the  structure  preparation  can  be  monitored  by  IBM 
XT/AT  computer  using  RS-232  C  interface.  The  IBM  PC-compatible 
software  allows  to  make  traditional  invastigations  ( p-A  iso¬ 
therms)  too. 


1  -  mainframe;  2  -  microprocessor  system;  3  -  keyboard 
4  -  transfer  mechanism;  5  -  moving  barters;  6  -  substrate 
7  -  presure  measuring  sensors;  8  -  box 
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TRANSFER  RATIO  IN  LANGMUIR-BLODGETT  FILMS:  ROLE  OF  SURFACE 

CHARGE  REGULATION 

A. A.  Servida*f  H.T.  Davis,  and  L.E.  Scriven 

Department  of  Chemical  Engineering  and  Materials  Science 
University  of  Minnesota 
151  Amundson  Hall 
421  Washington  Avenue  S.E. 

MINNEAPOLIS,  MN  55455 
U.S.A. 


A  spread  fatty  acid  monolayer  at  a  water-air  interface  is  charged 
owing  to  ionization  of  the  carboxylic  headgroups.  At  equilibrium,  the 
dissociation  and  adsorption  can  be  descrjbed  by  mass  action  formulas  and 
the  Poisson-Boltzmann  equation  for  the  electrical  field  in  the  adjoining 
ionic  solution.  These  combine  into  Grahame's  equation  for  the  surface 
potential  as  a  function  of  bulk  concentrations  of  the  soluble  species.  From 
the  solution  of  Grahame's  equation  we  calculate  the  surface  potential, 
surface  charge  distribution,  and  concentrations  of  the  adsorbed  species  at 
the  monolayer-liquid  and  liquid-solid  interfaces. 

We  picture  monolayer  deposition  on  the  upstroke  as  the  approach  of 
two  identical  surfaces •.•  The  energy  of  interaction  at  each  stage  of  the 
deposition  process  can  then  be  calculated  from  the  double-layer  repulsion 
and  estimates  of  the  specific  interactions,  i.e.,  H-bonding,  between  the 
two  surfaces, 

The  transfer  ratio  can  be  calculated  on  the  hypothesis  that  it 
depends  solely  on  the  composition  of  the  two  surfaces,  viz.  the  monolayer- 
liquid  and  liquid-solid  interfaces,  and  on  the  interaction  energy,  as  might 
be  the  case  in  slow  depositions.  The  predictions  agree  to  within  20%  of  the 
transfer  ratio  measured  by  Honig  et  aJ.  (J.  Colloid  Interface  Sci., 45,  92, 
1973)  . 

Present  address:  Dipartimento  di  Ingegneria  Chimica  e  Material!, 
University  degli  Studi  di  Cagliari,  Piazza  D'Armi,  09123  CAGLIARI,  ITALY. 


Monolayers  at  liquid-gas  interface 


BP1 


X-RAY  DIFFRACTION  OF  DIACETYLENE  MONOLAYERS 
ON  UOH/VATER  SUBSTRATES. 

Karl  M.  Robinson*  and  J.  Adln  Mann  Jr.,  Dept,  of  Chemical 
Engineering,  Case  Western  Reserve  University,  Cleveland,  OH  44106 

The  in-situ  surface  crystalline  parameters  of  two  diacetylene, 
12-8  and  16-8  monolayers  on  a  LiOH/H20  substrate,  were  measured  by 
glancing  incidence  synchrotron  x-ray  diffraction.  The  monolayers 
were  formed  in  an  ultra-clean  quartz  troiigh  by  the  addition  method 
and  further  compressed  by  a  pivot  barrier.  Diffraction  scans  were 
measured  on  non-polymerlzed  and  pre -polymerized  monolayers.  Surface 
pressure  was  monitored  by  Whilhelmy  plate,  which  was  then  removed 
before  polymerization  and  exposure  to  the  x-ray  beam.  The 
monolayers  were  Illuminated  by  low- angle  (0.098°  off  of  the  surface 
plane)  incident  x-rays  (7600eV,  1.63A)  from  the  NRL  Materials 
Research  Line,  X-23B,  at  NSLS,  Brookhaven  National  Laboratory. 

The  12-8  dlacetylene  monolayer  has  a  single  peak  corresponding 
to  a  d- spacing  of  4.10A  for  both  the  monomer  and  pre -polymerized 
sample.  This  is  not  in  agreement  with  ex- situ  electron  diffraction 
results  on  supported  films.  The  Intensity  for  the  pre-polymerlzed 
sample  was  greater  than  the  monomer  sample  which  hints  at  larger 
surface  crystallites  for  the  pre -polymerized  sample.  The  lack  of 
higher  oreder  peaks  suggest  a  close  packed  hexagonal  structure, 
however  this  is  not  expected  for  this  sample. 

The  16-8  dlacetylene  monolayer  has  several  peaks  for  the  pre- 
polymerlzed  sample  which  correspond  to  a  lattice  4.8A  by  10. 3A  which 
compare  favorably,  in  the  direction  of  polymerization,  with  electron 
diffraction  results.  The  cross -polymerization  direction  represents 
a  stretch  from  the  electron  diffraction  result  of  8.11A.  Two 
possible  explanations  for  this  descrepancy  are  1)  the  In- situ  versus 
ex-situ  nature  of  the  two  experiments.  2)  a  molecular  tilt  of  the 
polymerized  sample  of  32°  from  the  surface  normal.  The  present 
resolution  of  the  experiment  can  not  distinguish  between  the  two 
possible  structures. 


*  present  address;  Code  6170,  Chemistry  Division,  Naval  Research 
Laboratory,  Washington,  DC,  USA  20375. 
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MODELLING  THE  SIIIIFA'JE  POTENTIAL-AREA  DEPENDENCE 
OF  A  STEARIC  ACID  MONOLAYER 


* 

OsvaJdo  N. Oliveira  Jr.  ,  D.Ma’-tin  Taylor  and  Uywel  Morgan 
Institute  of  Molcculru  ana  Biotnolccular  Electronicn 
Uiiivt  reicy  of  Wales 

Dean  Street,  Bango*,  Gwynedd  LL57  lUT,  U.K. 


Abstract 

Models  have  been  proposed  recently  [Ij  for  relating  quantitatively  tile 
experimentally  measured  surface  potential  (AV)  of  monolayers  at  the  air-water 
int  erface  to  the  group  rlipolc  monicnte  of  the  monolayer-fortnirig  molecules.  To  date, 
the  models  have  been  applied  only  to  condensed  monolayers  because  in  the 
expanded  phase  of  the  monolayer,  data  have  tended  to  be  non-reproducible  and 
little  information  is  available  on  the  orientation  of  molecules  during  the  various 
stages  of  compression.  Two  rcceirt  experimental  findings  now  make  it  possible  to 
attempt  a  quantitative  analysis  of  the  AV-A  curve: 

(i)  The  fluctuations  in  AV  in  the  expanded  phase  arise  from  island  formation  caused 
by  trace  impurities  in  the  water  surface  [2j.  These  can  be  eliminated  by  adequate 
water  purification. 

(ii)  The  identification  of  a  proton  transport  mechanism  at  the  monolayer-water 
interface  in  monolayers  compressed  below  a  criticsd  area  per  molecule  probably 
indicates  the  formation  of  a  hydrogen-bonded  network  between  the  monolayer 
hemlr, roups  and  ndjacont  water  niolcrulcH.  I’lie  formation  of  such  network  wouhl 
lead  to  a  dramatic  decrease  in  the  local  dielectric  constant  at  the  monolayer/water 
interface.  By  considering  the  monolayer  as  a  three-layer  capacitor  following  the 
Deuichak  and  Fort  [3]  approach  and  making  reasonable  assumptions  concerning  the 
local  permittivities  and  allowing  for  changes  in  double-layer  potential  during  film 
compression,  it  is  shown  that  the  main  contribution  to  AV  for  stearic  acid  is  from 
the  lieadgroup  dipoles,  all  other  contributions  tending  to  cancel.  The  steep  rise  in 

2 

tlu’  ?mrfai:e  potential  which  is  observed  experimentally  at  ca  0.39  nm  reflects  the 
rapid  decrease  in  the  dielectric  roiwtant  of  the  watcr-headgroup  interface  from  78  in 
a  fully  expanded  monolayer  to  6.4  in  a  fully  condensed  monolayer. 
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The  "Tiie  of  Observation”  of  tt-A  Isotherms  DI.  Studies  on  the 
Morphology  of  Arachidic  Acid  Monolayers,  Observed  by  Transmission 
Electron  Microscopy  of  Replica  Samples  of  One-Layer  LB  Films. 

TeLii  KATO.  Takuya  TANAKA.  Keiji  IRIYAMA*.  and  Toshinari  ARAKI** 

Department  of  Applied  Chemistry,  Faculty  of  Engineering,  Utsunomiya 
University,  Ishiimachi,  Utsunomiya,  Tochigi,  Japan  321. 

♦The  Jikei  University  School  of  Medicine. 

♦♦Frontier  Technology  Research  Institute,  Tokyo  Gas  Co.  Ltd. 

Insoluble  monolayers  at  the  air/water  interface  are  the  viscoelastic  bodies 
and  it  is  necessary  to  consider  a  characteristic  time  to  measure  mechanical  pro¬ 
perties  of  them.-  tt-A  isotherms  of  monolayers  are  not  the  thermodynamical  quan¬ 
tities  but  the  dynamic  or  time-dependent  mechanical  properties.  In  this  context, 
Tu-Pi  isotherms  also  require  definition  of  the  characteristic  time  of  measurement. 
This  is  the  "time  of  observation”.  The  "time  of  observation”  of  7t-A  isotherms 
is  defined  by  the  reciprocal  of  the  strain  rate  of  compression  of  monolayers.^’ 
Therefore,  a  monolayer  should  be  compressed  under  a  constant  strain  rate  to 
measure  a  tt-A  isotherm  under  a  constant  time  of  observation.  The  shape  of  a 
tt-A  isotherm  is  governed  by  the  balance  of  the  relaxation  times  of  molecular 
motions  in  a  monolayer  which  occur  during  compression  and  the  time  of  observa¬ 
tion,  The  surface  pressure  detected  under  compression  is  given  by  the  superposi¬ 
tion  of  a  series  of  partially  relaxed  pressures  up  to  that  instance.  We  have 
shown  that  the  shape  of  rr-A  isotherms  of  arachidic  acid  monolayers  changed 
drastically  by  changing  the  time  of  observation  widely  and  systematically  even 
at  a  constant  temperature  as  if  we  change  the  film  material.^’ 

Tanaka  and  his  coworkers  have  reported  a  novel  replica  technique  for  pre¬ 
paring  samples  of  TEM  observation  using  plasma  polymerization  of  a  hydrocarbon 
vapor,  such  as  naphthalene  as  a  monomer  under  specialized  conditions  of  glow 
discharge.^’  Iriyaraa  ei  al:,  have  reported  application  of  this  technique  to  the 
observation  of  LB  films  by  TEM  and  found  some  new  features  of  LB  films  of  mero- 
cyanine  dye,  micro-pores,  local  collapse  at  the  pressure  under  ESP,  thermally 
induced  phase  separation  in  mixed  monolayers  of  dye-surfactant  and  fatty  acid.-’” 
The  object  of  this  paper  is  to  correlate  molecular  states  of  film  molecules 
and  phase  changes  estimated  from  the  tt-A  isotherms  of  arachidic  acid  monolayers 
measured  by  changing  the  time  of  observation  widely  and  systematically  with 
those  estimated  from  the  TEM  observation  of  one-layer  LB  films  of  arachidic  acid 
deposited  at  every  stage  of  tt-A  isotherms  using  the  novel  replica  technique 
described  above.- 

DT.Kato,  Langiuir,  6(4) ,870(1990) .  T.Kato,  et  al.,  Langmuir, (submitted, ’90.12). 

2) A. Tanaka,  et  al. .Chei.Lett. .1989,1219. 

3) K.. Iriyama,  et  al .  ,Chei. Lett.  ,1990,  865,.  859,  1189,  1365,  1892. 
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ABSTRACT 

Liquid  Interfaces  are  constantly  being  deformed  by  thermal  motion  in  the  form 
of  waves.  For  the  simple  liquids,  these  waves  are  typically  of  small  amplitude  (-  10 
A)  with  wavelength  lOOfim)  and  propagate  as  capillary  waves  called  ripplons.  The 
propagation  of  waves  is  controlled  by  the  surface  tension  and  its  temporal  damping  by 
the  liquid  viscosity. 

The  surface  modes  on  simple  pure  liquids  have  been  studied  by  many  reseachers 
and  are  well  understood.  The  viscosity  in  this  case  is  a  constant  and  the  surface  waves 
are  simply  the  capillary  waves.  The  resonant  frequency  of  the  surface  waves  Uk  is 
proportional  to 

In  a  polymer  solution,  in  addition  to  a  frequency  dependent  viscosity,  the  solu¬ 
tion  has  a  nonzero,  frequency  dependent  shear  modulus.  In  such  a  viscoelastic  polymer 
solution,  it  has  been  shown  theoretically  that  several  types  of  surface  modes  can  exist. ^ 
These  surface  modes  include  Reyleigh  elastic  waves  {resonant  frequency  of  the  surface 
waves  'jJk  <x  k  ),  capillary  waves  (resonant  frequency  wjt  oc  k^^^  ),  and  overdamped 
modes  depending  on  the  concentrations  of  polymer  solutions  and  wavenumbers. 

In  this  paper,  we  present  the  first  direct  experimental  measurements  on  the 
surface  modes  on  the  polymer  solutions  of  poly  iso-butylene/decane,  using  the  surface 
heterodyne  light  scattering  techniques.  The  experimental  results  is  compared  with  the 
existing  theory.* 


1.  J.L.  Harden,  H.  Pleiner,  and  P.A.  Pincus,  Langmuir  5(6),  1436  (1989) 
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DETECTION  OF  THE  OPTICAL  MOLECULAR  SWITCHING  IN  MONOLAYERS 
BY  THE  DISPLACEMENT  CURRENT  MEASUREMENT 

Yutaka  MAJIMA.  Haruhiko  NARUSE  and  Mitsumasa  IWAMOTO 

Department  of  Electrical  and  Electronic  Engineering, 

Tokyo  Institute  of  Technology, 

2-12-1,  0-okayama,  Meguro-ku,  Tokyo  152,  JAPAN 

The  reversible  cis-trans  photoisomerization  of  azobenzene  offers 
potential  applications  such  as  data  storage  media.  In  this  work,  we 
firstly  succeeded  in  the  detection  of  the  optical  molecular  switching  in 
monolayers  at  the  air-water  interface  by  using  a  new  experimental  system 
developed  on  the  basis  of  the  displacement  current  measurement In 
the  measuring  system,  displacement  current  was  found  to  flow  through  the 
external  short  circuit  only  when  UV  or  visible  light  was  applied  to  the 
monolayer  at  the  air-water  interface;  that  is,  the  displacement  current 
was  generated  due  to  the  trans-iO’-cis  photoisomerization  of  the 

azobenzene  derivative  by  irradiation  with  UV  light,  whereas  the 
displacement  current  was  generated  in  the  opposite  direction  due  to  the 
cis-to-trans  photoisomerization  by  irradiation  with  visible  light.  The 
reversible  Current  generation  was  found  to  be  sustained  by  the  repeated 
applications  of  UV  light  and  of  visible  light,  whereas  the  current  was 
never  generated  by  the  successive  irradiation  with  visible  light. 
Finally,  we  concluded  that  the  cis-trans  photoisomerization  in 
monolayers  is  able  to  be  detected  by  the  displacement  current 

measurement  and  that  the  measuring  system  developed  here  will  be  useful 
as  a  prototype  of  detection  systems  of  molecular  switching  in  the  field 
of  molecular  electronics  . 

1^6  X*GnC6S 

1.  M.Iwamoto  and  Y.Majima,  Jpn.  J.  Appl.  Phys.,  27(1988)721. 

2.  M.Iwamoto  and  Y.Majima,  Jpn.  J.  Appl.  Phys.,  28(1989)1922. 

3.  M.Iwamoto  and  Y.Majima,  Thin  Solid  Films,  178(1989)67. 

4.  Y.Majima  and  M.Iwamoto,  Jpn.  J.  Appl.  Phys.,  29(1990)564. 

5.  Y.Majima,  A.Watanabe  and  M.Iwamoto,  accepted  for  publication  in 
Jpn.  J.  Appl.  Phys. 
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Quantitative  Evaluation  of  the  Dynamic  Characteristics  of  Phospholipid  Monolayer 
MASAKAZU  MAKING.  KENICHi  YOSHIKAWA.  ANDTOSHIO  ISHir 

Department  of  Chemistry.,  College  of  General  Education,  Nagoya  University  Nagoya  464-01 ,,  Japan 
*  School  of  Dental  Medicine,  Tsurumi  University,  Tsurumi  Yokohama  230,  Japan 

Though  there  have  been  many  reports  on  the  surface  pressure-area  isotherms  for  aniphiphile 
morioiayers  supported  at  a  liquid-vaper  phase,  little  attention  has  been  paid  for  the  dynamic 
property  of  the  monolayers.  It  is  well-known  that  almost  all  of  the  monolayers  exhibit  different 
pressure-area  curves  between  the  processes  of  compression  and  expansion. 

In  the  presents  paper,  we  will  describe  a  new  strategy  to  evaluate  the  dynamic  behavior  of  the 
monolayer  in  a  quantitative  manner.  We  have  constructed  a  new  experimental  system  to  measure 
the  dynamic  pressure-area  characteristics,  which  is  composed  with  a  trough  with  couple  of  moving 
barriers  and  with  a  Wilhelmy  plate  attached  to  an  electrical  balance.  The  time  trace  of  the 
movement  of  the  barriers  could  be  controlled  to  a  desired  function  with  a  micro-computer.  The 
surface  pressure  has  been  continuously  stored  in  the  computer.  The  observed  dynamic  surface 
pressure-area  curve  has  been  separated  into  the  elastic  and  viscositic  components.  These  terms 
have  been  evaluated  using  expansion  to  polynomials.  The  nonlinear  properties  of  the  monolayer 
was.  thus,  analyzed  m  a  quantitative  manner.. 

We  have  performed  the  measurements  and  analysis  for  various  phospholipid  molecules,  such  as. 
dioieoyilecitin(DOPC)  and  phosphatidylethanolammine(DPPE).  It  has  been  found  that  inorganic  salts 
change  the  nonlinear  viscoelasticity  of  the  monolayer  markedly.  This  results  is  quite  interesting, 
because  it  is  known  that  quasistatic  pressure-area  curve  of  the  monolayer  of  phospholipids  exhibits 
negligible  effects  by  the  inorganic  salts  in  the  subphase..  These  results  will  be  discussed  in  relation 
to  tho  oscillatory  phenomena  of  lipid  monolayer. 

[REFERENCES!  C  fJ.Am  Chem  Soc.. 1 06.4423(1984).  (:)Langmuir.4.7.59(  1988). 

(3)Chem.Phys  Lett. .160.623(1989).  (4)Biochem.Biophys. Res. Comm. .i60.699(  1989). 

‘'5)Nippon  Kapaku  iCaishi.  JJ}.1 143(1990)  (Japanese).. 
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A  LIVING  NONOLATER  OF  LEPD}  SHOflWG  VELL-REGUTJkTED 
DISPLACEMENT  CURRENT  GENERATION 

Mitsumasa  IWAMOTO.  Yutaka  MAJIMA,  Akitoshi  WATANABE, 

Toshinari  ARAKI*  and  Kciji  IRIYAMA** 

Department  of  Electrical  and  Electronic  Engineering, 

Tokyo  Institute  of  Technology, 

2-12-1,  0-okayama,  Meguro-ku,  Tokyo  162,  Japan. 

♦Frontier  Technology  Research  Institute,  Tokyo  Gas  Co.  Ltd., 

1-16-25,  Shibaura,  Minato-ku,  Tokyo  152,  Japan 

♦♦Division  of  Biochemistry,  Institute  of  Medical  Science, 

The  Jikei  University  School  of  Medicine, 

Minato-ku,  Nishi-Shinbashi,  Tokyo  105,  Japan. 

The  structure  and  function  of  the  mono-  and  multilayer  have  been 
the  subject  of  continuous  studies  since  the  discoveries  by  Langmuir  and 
Blodgett.  Excitability  is  one  of  the  most  important  properties  of  cell 
membranes.  To  our  knowledge,  however,  there  was  no  appropriate  technique 
used  to  study  the  dynamic  behavior  of  amphiphilic  molecules  in  a 
purposely  controlled  artificial  membrane  system.  Recently,  Iwamoto  and 
Majima  developed  a  new  displacement  current-measuring  technique  coupled 
with  a  technique  originally  developed  by  Langmuir.  It  was  found 
theoretically  and  experimentally  that  displacement  current  is  generated 
only  when  the  electric  flux  falling  on  an  electrode  suspended  in  air  is 
changed  with  respect  to  time.  A  monolayer  of  L-a -dioleoyllecithin  (DOL) 
showed  reversible  current  generation  in  the  so-called  gas  phase  just 
before  the  initial  rise  of  its  surface  pressure  by  the  application  of 
the  reversible  change  of  the  monolayer-covering  area  on  the  surface  of 
distilled  water  (pH  5,8),  although  a  rigid  monolayer  of  L-a- 
distearoyllecithin  did  not  show  any  reversible  current  generation.  These 
experimental  results  seen  to  support  our  discovery,  where  the  behavior 
of  surface  pressure-area  isotherm  of  a  DOL  monolayer  was  reversible 
along  with  the  increase  and  decrease  of  the  monolayer  covering-area. 
Finally,  the  surface  micro-structure  of  a  DOL  monolayer  system  at 
various  two-dimensional  molecular  densities  was  also  visualized  by  using 
a  new  replica  technique  coupled  with  transmission  electron  microscopy, 
which  was  originally  developed  by  Tanaka  et  al.  From  the  electron 
microscopic  observation,  we  concluded  that  the  current  generation  is 
ascribed  to  a  gas/liquid  phase  transition. 

As  described  above,  we  found  for  the  first  time  the  reversible 
current  generation  in  the  planned  artificially  prepared  molecular  film 
and  then  concluded  that  the  periodic  electric  oscillation  of  a  lipid 
monolayer  is  able  to  be  controlled  under  the  well-controlled 
conditions.  The  reversible  displacement  current  generation  was  also 
theoretically  analyzed  in  relation  with  the  dynamic  behavior  of  DOL 
molecules. 
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lNVESTx3ATI0N  OF  MOLECULAR  LAYERS 
ON  A  LIQUID  SURFACE  WITH  LIBHT  SCATTERING 

A. F. Mazni chenko ,  A.V.Nabok,  B. A. Nesterenko,  Yu. M. Shirshov 
(Institute  o-f  Semiconductors,  Academy  of  Sciences  of  the 
Ukrainian  SSR,  Pr.Nauki  45,  252650  Kiev  28,  USSR) 

A. V. Maksimychev ,  N.G.Rambidi 

( Internati onal  Scientific  Research  Institute  for  Control 
Problems,  Pr.  60-Letiya  Oktyabrya  9,  117312  Moscow,  USSR) 

An  experimental  installation  was  constructed  for  studying 
monolayer  morphology  of  amphyphilic  molecules  on  the  water 
surface.  Integral  intensity  of  light  scattered  by  monolayer 
inhomogenei ties  was  measured  during  scanning  of  the  sample 
surface  by  a  laser  beam.  One  can  obtain  surface  distribution 
of  various  defects  (dust  and  aggregated  particles,  collapse 
regions)  in  the  molecular  layers  and  also  the  dynamics  of 
defects  creation  under  surface  pressure.  Monolayers  of  stearic 
acid  (HSt)  ,  four — substitutional  phtalocyanine  (4R-Pc)  and 
bacteri orhodopsi n  (BR)  were  investigated. 

At  low  surface  pressure  for  HSt  and  4R-Pc  monolayers 
unstable  positioned  scattering  intensity  peaks  were  usually 
observed?  scattered  light  background  was  practically  absent. 
The  peafs  observed  were  due  to  light  scattering  by  Brownian 
moving  microparticles  (dust,  big  aggregates  etc  ).  Surface 
pressure  increase  resulted  in  fixation  of  peak  positions  and 
in  rise  of  background  in  their  vicinity.  It  evidences  for 
microparticles  being  nuclei  of  monolayer  collapse  regions. 
These  regions  were  distributed  inhomogeneously  over  the  mono- 
layer  surface?  in  particular  there  were  more  of  them  near  the 
movable  barrier. 

For  BR  monolayers  ^consisting  of  purple  membrane  (PM) 
fragments  (thickness  '50  A,  linear  dimensions  0.  1  -  O.S^Mm)  the 
picture  observed  was  quite  different.  Presence  of  scattering 
centres  each  less  then  the  wavelength  resulted  in  a  background. 
It  should  be  noted  that  scattering  by  BR  monolayers  of  very  low 
surface  concentration  (  1  to  2  orders  of  magnitude  less  than 
that  for  close  packing  case)  was  registered.  Study  of  back¬ 
ground  intensity  vs  BR  concentration  enables  one  to  find  out 
the  PM  fragments  aggregation  process.  Moreover,  when  BR  con- 
centratiQn  increased  the  regions  with  low  scattering  intensity 
were  observed.  They  emerged  when  PM  fragments  were  approaching 
eacn  othe>"  forming  a  continuous  BR  monolayer. 
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MONOLAYERS  OF  SOME  PYRAMIDIC  LIQUID  CRYSTALS  ON  WATER 
SUBPHASE. 

A.  El  Abed.  A.  Hochapfel,  H.  Hasmonay,  J.  Billard*,  H.  Zimmermann’^*, 

P.  Peretti 

Laboratoire  de  Physique  et  Biophysique  des  Milieux  Mai  Ordonnds,  University  Paris  V, 
45  Rue  des  Saints-Pdres,  75270  Paris  Cedex  06,  France. 

*  LPMC,  College  de  France,  Paris,  France. 

**  Max-Planck  Institut  fiir  medizinische  Forschung,  Heidelberg,  Germany. 

Numerous  molecules  forming  thermotropic  liquid  crystalline  phases 
compose  a  less  known  class  of  amphiphilic  molecules  compared  to  the 
classical  ones.  There  have  been  few  attempts  to  spread  such  molecules  at  the 
air- water  interface.  The  first  report  was  made  by  Dorfler  et  al .  [1],  in  which 
calami  tic  molecules,  forming  nematic  mesophase  in  bulk,  have  been  spread 
at  the  air-water  interface.  Rondelez  et  al .  [2]  and  Albrecht  et  al ,  [3]  studied 
disco  tic-like-molecules  on  water  subphase. 

We  have  used  a  recent  class  of  compounds  [4,5]  showing 
mesomorphic  phases,  synthetized  in  1984  and  called  pyramidic  by 
Zimmermann  et  al.  [4].,  The  studies,  in  bulk,  on  some  of  these  compounds 
have  led  to  the  discovery  of  five  columnar  mesophases.  Our  study  deals 
with  two  pyramidic  liquid  crystals  ;  Hexa-nonanoyl-oxytribenzo- 
cyclononene  (I-n9)  and  Hexa-nonyl-oxytribenzo-cyclononene  (II-n9).,  These 
compounds,  present  a  rigid  pyramidical  central  core  and  six  equal  flexible 
side  chains  symmetrically  bound  at  the  pyramidic  base.  They  were  spread  at 
the  air-water  interface,  and  their  ability  to  form  monomolecular  layers  has 
been  prooved. 

The  surface  pressure-molecular  area  isotherms  obtained  at  21°  C  and 
pH  =  5.7,  show  a  large  plateau  then  a  sharp  increase  of  surface  pressure 
above  66  and  61 A^,  for  I-n9  and  II-n9  respectively,  in  agreement  with  the 
calculated  value  of  the  pyramidic  base  (61  A^)..  Hysterisis  diagrams  confirm 
that  these  compounds  form  monolayers  at  the  air-water  interface.  At  pH  = 
13,  isotherm  shows  important  changes  except  for  the  values  at  the 
condensed  state  areas. 

The  results  indicate  that  the  pyramid  base  lies  at  the  interface  with  its 
top  towards  the  subphase  and  the  aliphatic  chains  perpendicular  to  the  air- 
water  interface  at  the  condensed  state  area. 

1-  H.D.  Dorfler,  W.  Kercher  and  H.  Sackmann,  J.  Phys.  Chem.  251,  314  (1972). 

2-  F.  Rondelez,  D.  Koppel,  J.  Physique,  43, 1371  (1982). 

3-  O..  Albrecht,  W.  Gumming,  W.  Kreuder,  A.  Laschewewsky  and  H. 
Ringsdorf,  Colloid  and  polymer  Science,  264,  659  (1986). 

4-  H..  Zimmermann,  R.  Poupko,  Z.  Luz  and  J.  Billard,  Z.  Naturforsch.  40a, 
149  (1985). 

5-  J.  Malthete,  A.  Collet,  Nouv,  J.  Chimie,  9, 151  (1985) 
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CAPILLARY  WAVES: 

A  NEW  MONOLAYER  CHARACTERIZATION  TECHNIQUE  USING  AN  OLD  METHOD 

Kemiro  Miyano  and  Kaoru  Tamada* 

Department  of  Applied  Physics,  Faculty  of  Engineering,  The  University  of 
Tokyo,  Bunkyo-ku,  Tokyo-113,  Japan  and  Tsukuba  Research  Laboratory? 

Japan  Synthetic  Rubber  Co.,  25  Miyukigaoka,  Tsukuba-305,  Japan 

Capillary  waves  have  been  used  to  study  the  properties  of  monolayers 
on  water.  In  all  the  studies  that  appeared  so  far  however,  none  has 
dealt  with  the  non-uniformity  of  the  monolayer.  We  have  therefore  ini¬ 
tiated  a  series  of  studies  aiming  at  the  development  of  a  capillary  wave 
probe  as  a  viable  monolayer  characterization  technique. 

We  have  built  and  used  a  capillary  wive  probe  to  characterize  local 
as  well  as  anisotropic  mechanical  properties  of  monolayers  on  water.  The 
probe  is  based  on  the  non-intrusive  technique  in  which  capillary  waves 
are  generated  electrostatically  and  detected  by  a  laser  light^\ 

We  first  demonstrated  its  utility  by  shewing  extreme  stress  in¬ 
homogeneity  and  anisotropy  in  stiff  monolayers  u’der  a  uniaxial  com¬ 
pression.^^  An  example  is  shown  in 
Fic.l.  It  clearly  demonstrates 
hov.'  the  applied  pressure  at  the  com¬ 
pression  barrier  fails  to  be  trans¬ 
mitted  to  other  parts  in  the  mono- 
1 ayer . 

As  a  first  attempt  to  establish 
the  consequence  of  the  morphological 
inhomcgeneity  of  the  monolayer  on  the 
wave  propagation,  measurements  were 
done  simultaneously  with  a  fluorescence 
microscope  observation.  In  films  in  the  liquid-t^as  coexistence  phase,  v;e 
found  that  the  effect  of  the  liquid  phase  on  the  capillary  wave  propaga¬ 
tion  was  nearly  zero  up  to  the  point  where  the  fiJm  coverage  was  95%,  a 
result  not  trivial  at  all.  We  are  currently  study  ng  the  gas-solid  co¬ 
existing  monolayers. 

:)  C.ri.  Sohl,  K.  Miyano,  and  J.B.  Ketterson;  Rev.  Sci.  Instrum. 

1464  (1979). 

2'>  K.  Miyano;  Langmuir  6,  1254  (1990). 
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Effect  of  Thermal  Treatment  on  Crystal  Growth  of  Surface  Monolayer 

Masatsugu  Shiniomura,  Koichi  Fujii,  Takehiko  Shimamura,  Kennichi  Kasuga, 
Department  nf  Biotechnology,  Tokyo  University  of  Agriculture  &  Technology, 

Koganei,  Tokyo  184,  Japan 

Etsuo  Shinohara,  Yasuji  Nagata,  Hasaki  Matsubara,  Kiyozo  Koshiishi, 
Olympus  Optical  Co. ,  LTD.  Hachiohji,  Tokyo  192,  Japan 

Direct  observation  of  the  monomolecular  film  at  the  air-water  interface  is 
essential  to  the  manipulation  of  the  monolayer  and  should  provide  well 
designed  Langmuir-Biodgett  films.  An  observation  of  the  surface 

monolayer  by  fluorescence  microscopy  is  a  powerful  technique  as  well  as 
reflection  spectroscopy  of  the  inte-'face.  In  this  paper,  we  report 
construction  of  a  novel  fluorescence  microscope  equipped  with  a  large 
scale  Langmuir  trough  having  a  flat  panel  heater  for  thermal  treatment  of 
the  surface  monolayer. 

In  order  to  survey  over  a  wide  area  of  the  water  surface,  a  fluorescence 
microscope  is  attached  to  a  microprocessor  controlled  X-Y-Z  stage. 
Position  and  moving  speeds  of  the  microscope  are  manipulated  by  a 
joy-stick.  Focus  of  the  microscope  is  adjusted  by  the  stepping  motor  with 
a  resolution  of  0. 2/zm.  Excitation  light  from  various  light  sources  at  the 
outside  is  introduced  into  an  all  quartz  optics  through  a  quartz  fiber.  A 
flat  panel  heater(15cm  x  30cm)  for  the  thermal  treatment  is  placed  above 
water  surface.  Distance  between  the  heater  and  the  water  surface  is 
changeable.  Morphological  change  during  thermal  treatment  is  recorded 
through  a  small  hole  in  the  center  of  the  heater. 

Dark  crystalline  patches  in  the  bright  field  of  the  fluid  monolayer  of 
double-chain  ammonium  amphiphile  1  containing  2  mol%  of  octadecylrhodamine 
2  as  a  fluorescence  probe  were  formed  when  the  monolayer  was  compressed''. 


CH.(CH,) 


CH„(CHJ 


Temperature  of  the  water  surface  rose  up  to  45G  within  three  minutes  when 
the  gap  between  the  heater  and  the  water  surface  was  5mm.  During  the 
thermal  treatment  at  an  iso-pressure  condition,  the  crystalline  patches 
disappeared.  After  cooling  down  to  ZOG,  the  crystal  size  grew  several 
times  larger  than  the  untreated  crystals. 

DM. Shimomura,  et  ai\.,Jap.J.Appl.Phys..,2'l,\A.l%\{\%'&). 
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DETECTION  OF  THE  DYNAMIC  BEHAVIOR  OF  MONOLAYERS  AT  THE  A1R-9ATER 
INTERFACE  BY  THE  DEVELOPED  DISPLACEMENT  CURRENT  MEASUREMET 

Mitsumasa  IWAMOTO.  Yutaka  MAJIMA  and  Akitoshi  WATANABE 

Department  of  Electrical  &  Electronic  Engineering, 

Tokyo  Institute  of  Technology, 

2-12-1,  0-Oka'''  a,  Meguro-ku,  Tokyo  152,  JAPAN 

The  structure  and  function  of  mono-  and  multilayer  have  been  the 
subject  of  continuous  studies  since  the  discoveries  by  Langmuir  and 
Blodgett.  Recently,  there  has  been  much  interest  in  the  manuiacture  of 
the  so-called  molecular  electronic  device,  where  motion  of  electrons  and 
orientational  change  of  polar  molecules  in  artificial  mono-  and 
multilayer  systems  are  assumed  to  be  purposely  controlled^*.  Therefore 
it  is  required  to  develop  a  technique  used  to  detect  electron  transfer 
and  orientational  change  of  polar  molecules  in  the  planned  artificially 
monolayers  for  a  better  understanding  of  the  relationship  between  the 
structure  and  function  of  the  monolayers  as  well  as  for  the  manufacture 
of  the  molecular  electronic  device.  The  technique  based  on  the 
displacement  current  measurement  seems  to  satisfy  the  requirement*'®*, 
because  the  dynamic  motion  of  constituent  polar  molecules  in  monolayers 
is  able  to  be  detected  without  destroying  the  monolayers.  In  previous 
reports'*'®*,  we  developed  a  displacement  current-measuring  system  used 
for  the  investigation  of  monolayers  at  tne  air-water  interface. 
Recently,  we  have  improved  the  system.  At  the  present  stage,  we  can 
obtain  current-area  isotherms  with  high  precision.  In  this  work,  we 
investigated  monolayers  of  fatty  acids  and  of  precursor  films  of 
polyimide  formed  on  the  water  subphase,  e.g.,  on  the  surfaces  of  pure 
water  and  of  salt  solutions  containing  Cd**  or  Al®"  ions,  by  the 
displacement  current-measuring  technique,  where  displacement  current  was 
generated  only  when  the  monolayer-covering  area  was  changed. 
Subsequently,  we  determined  the  vertical  component  of  dipole  moment  of 
the  constituent  molecules  of  monolayers.  It  was  concluded  that  the 
dynamic  behavior  of  monolayers  formed  on  the  water  surface  was  able  to 
be  detected  in  the  entire  range  from  the  so-called  gaseous  phase  to  the 
solid  phase  with  high  precision.  Finally,  the  mechanism  on  the  current 
generation  observed  in  the  present  current  measurement  was  theoretically 
analyzed. 

References 

1.  E.G.Wilson,  Electron.  Letter,  19(1983)237. 

2.  M.Iwamoto  and  Y.Majima,  Jpn.  J.  Appl.  Phys.,  28  (1988)  721. 

3.  M.Iwamoto  and  T.Sasaki,  Jpn.  J.  Appl.  Phys.,  29(1990)  536. 

4.  M.Iwamoto  and  Y.Majima,  Thin  Sclid  Films,  178(1989)67. 

5.  Y..Majima  and  M.Iwamoto,  Jpn.  J.  Appl.  Phys.,  29(1990)  564. 

6.  Y.Maji.ma,  A.Watanabe  and  M.Iwamoto,  Jpn.  J.  Appl.  Phys., 
in  the  press. 


BP13 


BIDIWENSIONAL  HIXTURES  OF  BIOLOGICAL  LIPIDS  AT  THE  AIR- 

WATER  INTERFACE 

F.Bonosi,  G. Gabriel II  and  E.Hargheri 

Department  of  Chemistry,  University  of  Florence, 
50121  Firenze,  Italy. 


As  it  is  icnown,  the  monolayer  at  the  air-water 
interface  is  the  simplest  model  of  biological  membranes 
and  its  study  is  very  useful  because  it  provides 
information  about  the  orientation  of  the  molecules  and 
the  compatibility  of  different  amphiphillcs  at  the 
interface . 

Spreading  monolayers  of  Ceramide  (CER)  and 
Dioleoylphosphatidylcholine  (DOPC),  as  pure  compounds 
and  in  mixtures,,  were  studied  at  the  air-water  interface 
using  two  different  subphases,  containing  NaCl  0.1  W  (pH 
5.6),  and  a  phosphate  buffer  (pH  7)  respectively,  in  the 
15-30  °C  range. 

Tliese  lipi'’:  were  chosen  for  their  biological 
interest  as  components  of  natural  membranes. 

We  studied  the  mutual  miscibility  of  these  lipids 
by  applying  the  bidimensional  phase  rule  at  the  collapse 
pressure..  Furthermore,  we  determined  both  the  excess 
free  energy  of  mixing  \GmiM,  and  the  enthalpic  and 
entropic  contributions  (AHm*-  and  ASmi-)  to  the 
interphasal  miscibility. 

We  verified  the  surface  compatibility  of  DOPC  and 
CER  at  all  the  temperatures,  either  using  the  Na+ 
containing  subphase  or  the  buffered  subphase. 
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THEORETICAL  CONTRIBUTION  TO  ISOTHERM  OF  SPREAD  MONOLAYER 


Chun-wei  Yuan 


Yu  Wei 


Laboratory  of  Molecular  &  Biomolecular  Electronics, 
Southeast  University,  Nanjing,  210018,  P.R. China. 


The  study  of  monolayer  on  water  surface  is  of  significance  with 
regard  to  assembling  technology  at  molecular  level,  natural 
mul t i -component  system  researches,  etc.  The  monolayer  considered 
as  surface  phase  in  which  the  water  and  a  monolayer-forming 
component  (solute)  form  a  two-dimensional  ideal  solution  was 
described  by  Fowkes  ’ .  Following  this  study,  the  present  work  is 
devoted  to  apply  Gibbs-Duhem  equation  to  2D  ideal  solutions,  give 
strictly  deduced  isotherms  and  calculate  the 
energy  for  compression  process  of  such  system. 

For  one  solute  and  at  constant  temperature, 
eqvui  t  ion  for  the  surface  phase*  becomes 
Ad  V  +  n,  dil,  +  nj  dUi,  =  0 

(1  derating  the  water  and  2  denoting  the  solute) 
dP  =  -  dr.  ,  dU,  =0,  dJLli  =  -  A2d)>  -  RTdA  /  (A 
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mei.hod  described  above  can  be  extended  to  a  2D  ideal  solu- 
containing  more  than  one  solutes.  If  there  exist  the  water 
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MONOLAYERS  OF  BRANCHED  CHAIN  PHOSPHOLIPIDS 
6.  Brezeslnski  ,  W.  Rettig 

Martin-Luther-Universitat  Halle-Wittenberg ,  Institut  fCir 
Physikalische  Chemie ,  Halle/S.  0-4010,  FRG 

Phosphatidylcholines  containing  a  branched  chain  fatty  acid 
at  the  sn-1  position  or  at  the  sn-2  position  or  at  both  sn-1 
and  sn-2  positions  of  the  glycerol  backbone  were  characterized 
by  calorimetric  and  X-ray  diffraction  studies  with  bilayers 
as  well  as  by  thermodynamic  studies  with  monolayers. 

The  monobranched  PCs  investigated  are  mixed-linkage  species 
containing  both  ester-  and  ether-linked  chains.  The  replace¬ 
ment  of  the  ester  linkage  with  an  ether  linkage  has  only  a 
little  effect  on  the  phase  transition  properties.  Branching 
leads  to  altered  thermal  properties  which  are  connected  with 
a  modified  structural  polymorphism.  Gel  phases  with  interdig- 
itated  chains  could  be  found.  Such  an  arrangement  cannot  be 
realized  in  the  monolayer.  The  question  arises  of  wether  how 
will  be  the  structure  of  the  monolayer  in  such  cases. 

All  of  the  branched  chain  lipids  investigated  form  stable 
monolayers  at  the  air/water  interface  with  isotherms  of  quali¬ 
tatively  similai  shapes  as  those  of  non-branched  lipids.  The 
area  required  by  a  hydrocarbon  chain  in  the  condensed  phase 
was  estimated  and  compared  with  the  area  per  chain  in  the 
corresponding  bilayer  systems.  The  pressure-area  isotherms 
were  measured  over  a  wide  range  of  temperature.  The  critical 
temperatures  T  of  the  transition  between  the  liquid-  expand- 
ed  and  the  condensed  films  were  estimated  and  compared  with 
the  main-transition  (  gel-to-liquid-crystalline  )  tempera¬ 
tures  T„  of  the  bulk  phase.  T  was  found  to  be  either  lower 
or  higher  or  equal  to  T^.  The  correlations  between  T^  and 
T^  are  discussed  in  terms  of  chain  packing  in  the  two-  and 
three-dimensional  systems. 
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LB  FILMS  OF  ARCHAEBACTERIAL  LIPID  MODELS: 

1 , r-POLYMETHYLENEBIS(2-AUKYL-sn-GLYCERO-3-PHOSPHOCHOLINE) 

Kiyoshi  Yamauchi,  Atsushi  Moriya  and  Masayoshi  Kinoshita 
Departnent  of  Bioapplied  Chemistry,  Osaka  City  University,  Sumiyoshi-ku, 

Osaka  558,  Japan 


Plasma  membrane  lipids  of  archaebacteria  are  often  characterized  by 
their  structure,  having  long  isoprenoid  chains  bound  through  ether  linkages 
to  two  polar  heads.  The  bipolar  lipids  have  attracted  biotechnological 
interest  as  potential  materials  for  thermostable  membranes.  This  paper  deals 
with  LB-membranes  of  archaebacterial  lipid  models,  1 , 1 ' -polymethylenebis (2- 
alkyl-sn-glycero  3-phosphocholine)  (L-32-16,  L-32-Phy,  etc.). 


The  bipolar  lipids  exhibited  peculiar  surface  pressure ( jt  ) -surf ace  area 
isotherms  in  comparison  with  that  unipolar  1 , 2-dihexadecyl-sn-glycero-3- 
phosphochol me  (DHPC) .  Namely,  DHPC  formed  a  stable  LB  membrane  which 
collapsed  only  at  a  lateral  pressure  as  high  as  57-63  mN/m.  The  limiting 
area  occupied  by  the  molecule  was  about  50  .  By  contrast,  L-32-16  and 

L-32-Phy  did  not  show  a  highly  cooperative  compression.  In  addition,  it 
appeared  that  their  LB  membranes  were  compressed,  without  collapse, 


maintaining  constant  pressure  as  seen 
from  a  point  *  in  the  a- -A  curves.; 

The  limiting  areas  and  the  maximum 
collapsing  pressure  were;  L-32-16, 
90-150  A  -  and  31-33  mN/m;  L-32-Phy, 
160-180  A  -  and  39-42  mN/m. 

The  results  will  be  discussed  in 
conjunction  with  a  bending  structure 
(U-form)  of  the  bipolar  lipids  and  the 
bending  force  for  the  polymethylene 
chains 
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A  LANGMUIR-BLODGETT  MONOLAYER 
WITH  A  CONTROLLABLE  DEGREE  OF  POLARITY., 

12  1 
J.  M.  Berg  ,  K.  G.  Nordli  Borve  ,  and  P.  M.  Claesson  .. 

1.  The  Surface  Force  Group,  Department  of  Physical  Chemistry, 

Royal  Institute  of  Technology,  S-100  44  Stockholm,  Sweden,  and 

Institute  for  Surface  Chemistry,  Box  5607,  S-114  86  Stockholm,  Sweden. 

2.,  Department  of  Chemistry,  University  of  Bergen,  N-5007  Bergen, 

Norway. 

The  main  object  of  this  study  has  been  to  obtain  a  molecularly 
smooth  monolayer  with  a  controllable  density  of  carboxylic  acid 
groups,  deposited  onto  muscovite  mica.  These  surfaces  could  then  be 
used  as  model  surfaces,  for  example  in  the  Surface  Force  Apparatus  of 
Israelachvili , 

Using  three  different  molecules,  docosanedioic  acid 
(DDA;  HOOC-C2qH^q-COOH)  ,  arachidic  acid  (AA;  Cj^gH^g-COOH) ,  and 

eicosylamine  (EA;  C2qH^^-NH2) ,  two  different  series  of  mixed  mono- 

layers  have  been  studied  (see  figure) . 

Series  #1  consists  of  monolayers  of  DDA  and  EA  in  different 
proportions,  while  in  series  #2  the  monolayers  are  made  up  from 
mixtures  of  all  the  three  molecules  DDA,  AA,  and  EA.  In  series  #2,  the 
ratio  (DDA+AA) / (EA)  is  always  unity,  and  the  DDA:AA  ratio  is  varied. 

In  both  of  these  series  it  is  possible  to  control  the  carboxylic  acid 
group  density  on  the  surface.- 

The  advantage  of  using  mixed  monolayers  is  that  the  amine  and 
acid  molecules  fix  each  other  to  the  water  surface  by  their  mutual 
attraction,  thereby  stabilizing  the  spread  monolayer.  This  is  evident 
from  relaxation  studies  of  monolayers  held  at  a  constant  pressure. 

The  pressure-area  isotherms  of  series  #2  are  of  the  condensed 
type  with  a  limiting  area/molecule  of  about  20  .  This  indicates  that 

the  structure  on  the  water  surface  indeed  is  the  one  depicted  in  the 
figure.;  The  isotherms  of  series  #1  show  a  more  complex  behavior,  where 
the  shape  depends  on  the  DDA  ratio.  However,  at  DDA  ratios  between 
about  40  and  70  %  the  isotherms  are  of  the  condensed  type.  In  all 
cases  the  transfer  ratio  is  near  unity,  so  the  molecular  orientation 
in  the  deposited  layer  can  be  assumed  to  be  the  same  as  in  the  spread 
film. 

As  can  be  expected,  the  advancing  contact  angle  decreases  with 
increasing  DDA  ratio. 

An  interesting  observation  is  that  Z  layers  can  be  obtained  with 
the  series  #1  monolayers,  at  DDA  ratios  of  about  60-70  %.  This  is 
presumably  due  to  the  water  adsorption  onto  the  polar  carboxylic 
groups,  minimizing  the  deposition  on  immersion. 
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POLYMERIC  GEGENIONS  INDUCED  VARIABILITY  AND  MOBILITY  OF 
AMPHIPHILIC  SUPRAMOLECULAR  STRUCTURES  AT  THE  AIR/WATER- 
INTERFACE  AND  ON  SOLID  SUBSTRATES 

L.  Chi,  C.  Erdelen,  R.  Johnston.  L.  Jullien,  H.  Ringsdorf 
Institut  Organische  Chemie/  Universitat  Mainz 
Becherweg  18-20,  D-6500  Mainz  (Germany) 


The  influence  of  watersoluble  polymers  on  the  micromorpholo¬ 
gies  of  amphiphatic  supramolecular  structures  was  examined 
fluorescence  microscopy  at  the  air/water-interface^  and 
solid  substrates.  Due  to  the  interaction  of  polymeric 
gegenions,  the  isothermal  behaviour  of  fatty  acids  at  the 
air/ water-interface  was  altered  drastically:  The  polymer- 


y 

CHs-  (CH2)  n-COO~  HN^^ 


CH2H- 


CH2'-)-x 


n  =  12,  14,  16,  18,  20 


fatty  acid  interaction  induces  the  fluid/solid  phase  transi¬ 
tion  of  different  long  chain  fatty  acids  at  room  temperature 
as  was  studied  by  surface  pressure/area  diagrams.  The  con- 
ue;'.£atior.  process  of  the  complexed  monolayers  at  the 
air« water-interface  and  the  domain  formation  within  the 
'two-phase"  region,  was  investigated  by  fluorescence  micro- 
scopy2,3_  dependence  of  these  surface  textures  on  tempe- 

ratv.re,  surface  pressure,  chain  length  of  the  fatty  acid  and 
concentration  of  the  polymeric  gegenions  in  the  subphase 
.v-^'re  exa.mined  by  this  method.  Due  to  the  stabilisation  by 
tne  polymeric  gegenions,  fatty  acid  monolayers  can  be  trans¬ 
feree  by  LE-technique  to  solid  supports  even  from  very  ex¬ 
panded  states  without  damaging  the  observed  surface  texture:.: 
.Xoreover  the  morphology  of  these  polymer  stabilized  mono- 
layers  on  solid  supports  can  be  altered, e.g.  by  annealing 
Tnis  unique  variability  or  mobility  of  the  monolayers  at  the 
air/substrate-interface  is  attributed  to  the  adjacent  poly- 
"or  matrix  and  v/as  examined  by  fluorescence  microscopy. 


(1)  H..  Mohwald,  Thin  Solid  Films  159,  1  (1988) 

'2)  C;.-  M.  Knobler,  Science  249,  870  (1990) 

2'  Lv  Chi,  R.  Johnston,  H.  Ringsdorf,  Langmuir  submitted 
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BULK  AND  MONOUWER  BEHAVIOR  OF  A  FERROELECTRIC  LIQUID  CRYSTALLINE 

MONOMER  AND  FO-YMER 

W.  Rettio.  J.  Naciri*,  R.  Shashidhar*,  R.  S.  Duran 


Department  of  Chemistry,  Univ.  of  Florida,  Gainesville,  FL  3261 1 ,  USA 

*Naval  Research  Laboratories,  Center  for  Bio/Molecular  Science  and  Engineering,  Code  6090, 
4555  Overlook  Ave.,  SW,  Washington,  DC  20375,  USA 


With  a  view  towards  studying  Ferroelectric  liquid  crystal  behavior 
on  going  from  the  bulk  to  2  dimensions,  the  following  chiral  monomer  was 
synthesized: 


This  was  reacted  with  poly  (methyl  hydroxysiloxane)  to  form  the 
corresponding  side  chain  polymer.  Both  compounds  showed  thermotropic 
liquid  crystalline  behavior.  On  heating  in  the  bulk,  both  compounds  showed 
the  same  polymorphism:  crystalline-ordered  smectic-smectic  C  - 
smectic  A-  isotropic  melt.  The  transition  temperatures  were  slightly 
higher  for  the  polymer.  The  polarizability  and  switching  times  were  also 
measured. 

Both  substances  were  also  studied  at  the  air/water  interface  on  a 
KSV  5000  LB  trough.  From  dilute  chloroform  solutions,  isotherm 
measurements  showed  that  both  substances  could  be  spread  to  form  stable 
monolayers  showing  little  hysteresis  upon  subsequent  barrier  expansion. 
The  polymer  formed  only  a  condensed  phase  with  a  collapse  pressure  of 
about  50  mN/m  and  an  area  of  about  23  A^.  The  isotherms  of  the  polymer 
showed  little  temperature  dependence  between  15  to  35  °C.  However,  the 
isotherms  of  the  monomer  showed  typical  polymorphic  behavior. 

Condensed  films  were  only  observed  at  lower  temperatures  and  higher 
pressures.  The  collapse  pressures  of  the  monomer  (about  35  mN/m)  were 
lower  than  those  of  the  polymer  while  the  collapse  areas  (about  26  A^) 
were  somewhat  higher  than  the  polymer.  Stability  measurements  at 
constant  applied  pressure  have  indicated  that  both  compounds  are  suitable 
to  form  LB  layers  on  substrates. 
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A  NEW  POSSIBLE  APPROACH  FOR  INTERPRETING 
SURFACE  PRESSURE-AREA  ISOTHERMS 


Guilherme  F.  Leal  Ferreira  and  Qavaldo  N.  Oliveira  Jr. 


Instituto  de  Fisica  e  Qulmica  de  Sao  Carloe 
UNIVERSIDADE  DE  SAO  PAULO 
C.P.  369, 13560  Sao  Carlos,  S.P.  BRASIL 


Abstract 

Attempts  to  interpret  surface  pressure-area  characteristics  of  Langmuir  monolayers 
quantitatively  have  concentrated  either  on  obtaining  phenomenological  equations  of  state 
using  analogies  with  three-dimensional  systems  [1]  or  on  thermodynt^ical  analyses  which 
make  use  of  statistical  mechanical  models  and  include  effects  arising  &om  molecular 
configurations  [2].  In  this  paper  we  show,  based  on  a  purely  mechanical  model  derived  from 
Laplace's  theory  [3],  that  surface  tension  can  be  defined  in  terms  of  a  force  parallel  to  the 
surfjure,  which  results  from  the  deficit  of  attraction  in  the  direction  normal  to  the  liquid 
surface  due  to  the  missing  liquid  above  it. 

The  decrease  in  surface  tension  resulting  from  the  presence  of  a  Langmuir  monolayer 
on  a  liquid  surface,  termed  surface  pressure,  can  be  considered  as  the  macroscopic 
manifestation  of  the  greater  attraction  between  monolayer  and  water  molecules  as 
compared  with  the  attraction  between  monolayer-monolayer  and  water-water  molecules 
In  principle  then,  the  surface  pressure  could  be  treated  according  to  the  approach  presented 
here,  and  this  is  something  we  are  working  on  at  the  moment. 
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EDGE  ENERGY  AT  THE  INTERFACE  LIQUID  EXPANDED  -  LIQUID  CONDENSED  PHASE  OF 
INSOLUBLE  MONOLAYERS  AND  THE  SLOPING  OF  THE  PLATEAU  OF  THE  H-A  ISOTHERMS  IN 
THE  AREA  OF  THE  TRANSITION  BETWEEN  THESE  PHASES 
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At  the  phase  transition  from  liquid  expanded  to  liquid  condensed 
state  of  an  insoluble  monolayer  on  liquid  substratumi  the  lateral  pressure 
n  may  be  not  constant  in  the  Il-A  isotherm  of  the  process  (A  -  mean  area  per 
molecule).  In  the  present  work  one  theoretical  explanation  of  this 
phenomenon  is  proposed.  The  reason  for  the  inclined  plateau  of  the 
dependence  n(A)  at  the  area  of  the  phase  transition  could  be  the  fact  that 
the  two  phases  do  not  exist  as  monodomains,  separated  by  the  shortest 
possible  interface,  but  one  of  them  is  dispersed  in  form  of  little 
aggregates  in  the  other.  The  domain  of  the  transition  near  the  liquid 
expanded  phase  is  considered.  The  liquid  condensed  phase  is  assumed  to  be 
the  dispersed  one.  A  small  number  of  single  molecules  with  small  enough 
area,  that  could  be  treated  as  nuclei  of  the  condensed  phase,  can  be  found 
in  the  expanded  phase  even  far  from  the  transition.  When  decreasing  the 
mean  area  per  molecule  this  number  increases.  According  to  our  theory,  a 
threshold  Ao  exists  with  the  property  that  for  areas  less  than  Ao  not  only 
the  number  of  nuclei  of  the  condensed  phase  increases,  but  the  number  of 
molecules  per  nucleus  increases  too  {i.e,  becomes  greater  than  one).  Ao  is 
the  "beginning"  of  the  phase  transition.  The  dimensions  of  the  aggregates 
the  slope  of  the  plateau  of  the  phase  transition  are  determined  by  the  edge 
energy  y  of  the  (one-dimensional)  interface  between  the  two  phases.  The 
results  of  the  calculations  show  that  the  plateau  is  not  horizontal,  and 
the  phase  transition  is  strictly  speaking  of  second  order,  if  y<10‘®dyn, 
otherwise  the  phase  transition  is  of  first  order. 

Some  experimental  data  for  monolayers  of  hexadecoxi propanol  on  water 
were  analyzed.  The  edge  energy  obtained  for  this  system  is  y~10  +10  dyn. 
The  number  of  molecules  per  aggregate  of  the  condensed  phase  near  the 
midpoint  of  the  phase  transition  is  of  the  order  of  30. 
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Bending  elastic  modulus  of  monolayers  at  oil  water  interfaces 

H.  Kellay*,  J.  Meunier*,  B.  Binks** 
*Laboratoire  de  Physique  Statistique  de  TENS, 


24  rue  Lhomond,  75231  Paris  CEDEX  05  FRANCE 


**School  of  Chemistry,  Hull  University, 
Hull  HU6  7RX,  ENGLAND 


The  thermal  fluctuations  at  a  mesoscopic  scale  of  a  monolayer  at  a  liquid  interface  are 
studied  by  multiple  surface  light  scattering  techniques.  The  bending  elastic  modulus  K  of  the 
monolayer  is  measured.  K  is  an  important  parameter  in  theories  of  phase  diagrammes  of  oil- 
water  surfactant  mixtures.  We  have  measured  K  as  a  function  of  the  length  of  the  surfactant 
molecule  and  the  length  of  the  oil  molecule. 
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Observation  of  first  crder  phase  transitions  in  Langmuir  monolayers 
without  fluorescent  probes 

S.  Henon,  J.  Meunier 

Laboratoire  de  Physique  Statistique  de  TENS, 

24  rue  Lhomond,  75231  Paris  CEDEX  05  FRANCE 


For  the  last  decade,  some  first  order  phase  transitions  in  Langmuir  monolayers  have 
been  the  subject  of  much  experimental  work,  as  a  result  of  the  introduction  of  a  new 
experimental  technique,  fluorescence  microscopy.  The  drawback  of  the  method  is  the 
introduction  of  fluorescent  impurities  in  monolayers.  First,  these  impurities  can  change  the 
growth  and  the  shape  of  coexitence  phase  domains.  Secondly,  some  first  order  phase 
transitions  are  difficult  to  study  by  this  method,  the  fluorescent  impurities  having  a  low 
solubility  in  the  two  phases. 

We  have  built  a  microscope  based  on  tiie  properties  of  the  Brewster  angle  to  visualize 
the  first  order  phase  transitions  in  Langmuir  monolayers  without  adding  any  impurities.  We 
present  preliminary  results  obtained  with  this  microscope. 
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INVESTIGATION  OF  THE  PHASE  TRANSITIONS  AND  ANISOTROPY  OF  BEHENIC  ACID 
AT  THE  AIR-WATER  INTERFACE  BY  ELLiPSOMETRY 

Michaela  Pauc'ler,  Jens  Ruths,  and  Hans  Riecfler 
Institut  fur  Physikalische  Chemie,  Universitat  Mainz,  Welder  Weg  11,  D-6S00  Mainz 

Langmuir  monolayers  of  behenic  acid  at  the  air-water  interface  have  been  studied  by 
null  ellipsometry.  In  a  series  of  isothermic  and  isobaric  measurements  the  anisotropy  and 
the  phase  behaviour  of  the  monolayer  have  been  investigated.  The  eliipsometric  data  have 
been  analyzed  by  using  structural  data  from  x-ray  measurements  to  minimize  model 
assumptions,  it  is  shown  that  behenic  acid  monolayers  are  opt’caliy  anisotropic  in  the 
S-  and  CS-phase  and  that  this  anisotropy  can  be  quantified  by  analyzing  data  from 
different  phases. 

It  is  also  shown  that  ellipsometry  is  a  formidable  instrument  to  detect  and  study 
phase  transitions..  The  intensity  minima  for  the  determination  of  the  eliipsometric  angles 
are  significantly  wider  at  phase  transitions  than  in  adjacent  homogeneous  phases  due  to 
thickness  and  density  variations.  Thus  temporal  and  local  inhomogeneities  can  be  evaluated. 


6a  [degree] 


Shape  of  the  intensity  minima  for  behenic  acid  at  its  various  phase  transitions  {T»15.7®C) 
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UV  study  on  the  Interaction  of  Amphiphiles  Having 
Heterocyclic  Chroraophore 

Kenji  Takehara,  Kazuaki  Isomura,  and  Hiroshi  Taniguchi 
Department  of  Applied  Chemistry,  Faculty  of  Engineering, 
Kyushu  University,  Hakozaki,  Higashiku,  Fukuoka  812,  Japan 


We  have  synthesized  many  amphiphilic  compounds  having  various  hetero- 
aromatic  nuclei,  as  shown  below,  which  exhibited  different  aggregation 
structures  in  monolayer  on  water  and  LB  film.  The  heterocycles  are  con¬ 
sidered  to  play  an  important  role  in  determining  the  structure  of  aggregat¬ 
ion,  depending  on  the  attractive  and  repulsive  force  of  each  heterocycle 
acting  as  multipole.  According  to  our  theoretical  study  on  the  electrostat¬ 
ic  multipole-multipole  interaction  using  2-dimensional  crystalline  model, 
the  most  stable  structure  changes  largely  depending  on  the  heterocycle  in¬ 
corporated  into  amphiphile. 


Here,  we  report  our  results  aimed  to  confirm  our  theoretical  study  by 
obtaining  informations  on  the  structures  of  aggregation  of  monolayers  by 
UV  spectroscopy. 

Among  the  amphiphiles  studied  in  this  investigation,  most  intriguing 
results  are  UV  spectra  of  the  monolayers  of  pyrimidine  derivatives  _5,  6, 

and  their  1:1  mixture.  The  amphiphile  5  formed  a  expanded  monolayer  on  pure 
water,  whereas  the  other  pyrimidine  derivative  6,  having  reversely  directed 
pyrimidine  ring,  formed  closely  packed  but  very  unstable  monolayer. 
However,  more  closely  packed  and  stable  monolayer  was  formed,  when  these 
two  amphiphiles  were  mixed  in  equimolar  ratio.  The  spectrum  of  the  mixed 
monolayer  did  not  coincide  with  the  sum  of  that  of  each  component,  and  Amax 
of  the  mixture  was  ob.served  at  shorter  wavelength  than  those  of  ^  and  6. 
These  results  support  our  calculation  showing  stabilization  by  mixing  by 
more  than  30  kJ/mol. 

The  UV  absorption  spectra  of  monolayer  of  the  other  compounds  and  mix¬ 
ing  systems  will  be  also  discussed  in  this  presentation. 
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THERMODYNAMIC  STUDY  ON  PHASE  TRANSITION  IN  MIXED  MONOLAYERS  OF 
CHOLESTEROL,  LECITHIN  AND  LITHOCHOLIC  ACID 


caivez-Ruiz  M.J.  and  Cabrerizo-Vilchez  M.A. 
Biocolloids  and  Fluid  Physics  Group,  Department  of  Applied  Physics 

University  of  Granada 


For  mixed  monolayers  of  cholesterol,  lecithin  and  lithocholic 
acid  the  surface-pressure  has  been  measured  as  a  function  of 
molecular  area  at  various  compositions  and  temperatures.  The 
liquid-expanded  (LE) /liquid-condensed  (LC)  phase  transition  takes 
place  over  a  wide  range  of  monolayer  compositions.  The  cholesterol 
monolayers  are  of  the  condensed  type,  but  they  become  gradually 
expanded  as  the  composition  of  lecithin  or  lithocholic  acid 
increases .  As  expected  the  transition  surface-pressure  increases 
as  temperature  increases.  From  the  temperature  dependence  of  the 
transition  surface-pressure  tha  apparent  molar  entropy,  enthalpy 
and  internal  energy  associated  with  the  phase  transition  have  been 
calculated.  The  contribution  of  lecithin  and  lithocholic  acid 
molecules  to  the  phase  transition  are  not  equivalent.  The 
condensing  effect  of  cholesterol  on  lithocholic  acid  is  more 
pronounced  than  that  the  lecithin  on  this  bile  acid. 
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2D  MOLECULAR  ENGINEERING  OF  AMPHIPHILIC  DITHIO  TTF 

DERIVATIVES. 


A.  RUAUDEL-TEIXIERa.  M.,  VANDEVYVERa  A.  BARRAUD®,  P.  DELHAES^,  E.  DUPART*>, 

J.P.  MORANDC,  I.  FAVIER‘=.,T.  ALBRAND'^ 

®  CEA/Service  de  Chimie  Mol6culaire,  Bat  125,  CE  Saclay  91191  Gif  sur  Yvette  Cedex  (France) 
^  CNRS/CRPP,  Avenue  Schweitzer,  33600  Pessac  (France) 

®  ENSCP  Bordeaux,  351  Cours  de  la  Ub6ration  33405  Talence  Cedex  (France). 


Two  dithioTTF  derivatives  (labelled  I  and  II)  have  been  designed  and  synthesized  in 
order  to  organize  the  macrocycles  parallel  to  the  air-water  interface  and  subsequently  to  the 
substrate..  The  ultimate  goal  is  to  perform  molecular  recognition  and  to  create  intermolecular 
chemical  bonds  through  the  surrounding  functional  groups  (as  for  example  H  bonds  and  S...S 
interactions).; 

Compound  I  is  intended  to  be  ordered  as  a  2D  pavement  in  the  polar  planes. 

Compound  II  is  intended  to  make  the  same  2D  arrangement  in  the  hydrophobic  plane 
between  two  sequential  monolayers. 


COOM 

I 

M,C— n(CHJ— HC— 

H,c— mCHJ— HC— S' 

I 

COOH 


COOH 
I 

S— CH— CM, 


MOOC-n(CHJ_S, 


5'"^$— CM—  (CHjn— CM, 
COOH 


-"S.  (C»Vn— COOH 

HOOC--n,(>y_S-'^S^'\sJ's-,CHJn-CO^ 


I  (n  =  19)  II  (n  =  21) 

The  synthesis  of  molecules  I  and  II  have  been  achieved  by  the  condensations  of 
respectively  a  bromo  docosanoic  acid,  and  w  bromo  tricosanoic  acid  on  a  precursor  of  bis  thio  TTF 
i.e.  the  zinc  complex  of  4.5  dimercapto  1 .3  dithiol  2  thione  (dmit).  The  amphiphilic  thione  is  then 
worked  up  with  slight  modifications  of  the  solvents  as  already  described  for  the  thione  coupling 
processes. 

The  two  molecules  have  been  studied  at  the  air  water  interface  and  transferred  onto 
substrates.  The  area  per  molecule  is  in  favour  of  a  macrocycle  lying  flat  on  the  water. 

Visible  and  infrared  spectroscopies  are  in  progress  to  characterize  the  molecular 
organization  in  the  obtained  LB  films  .. 
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TH2  I1I?LUL1JCE  OP  CHEIilCAL  KODIPICATIOU  OP  LSCITHIH 
IIOLECULES  ON  THE  DIPOLE  AND  SUHPACE  COitIPOMTS  OP 
BOUNDARY  POTENTIAL  IN  UONOLAYERS 


Gevod  V»S. )  Ksenahek  O.S.,  Reshetnyak  I.L. 

Institute  of  Chemical  Technology,  Dniepropetrovsk,  UESR. 


Lecithin  was  chemically  modified  by  substitution  of  CO- 
group  for  CK2**b^oup  another  or  in  both  hydrocarbon 

chains.  This  way  1-palmitoyl-2-hexadecylphosphatidylcholine 
(PHPC),  1“hexadecyl-2-palmitoylphosphatidylcholine  (HPPC)  and 
dihexadecylphosphatidylcholine  (DHPC)  were  prepared.  Llono lay¬ 
ers  of  all  these  substances  on  subphasea  of  various  ionic  com- 
positiion  were  studied. 

The  anal/sis  of  isochoric  curves  of  boundary  potential  of 
PHPC  and  HPPC  monolayers  upon  the  :E  of  the  subphase  showed 
that  substitution  of  one  carbonyl  oxygen  deminishes  the  bounda 
ry  potential  of  the  close-packed  monolayers  at  pK  o  by  100-130 
ir.V  as  compared  uith  that  of  native  lecithin. 

/nen  t.vo  oxygen  atoms  are  substituted  the  decrease  of  the 
potential  is  more  sufficient  and  reaches  approximately  ISO¬ 


’S  00  mV. 

On  ali.'aline  subphases  the  monolayers  formed  from  native 
locithin  and  its  derivatives  with  one  substituted  oxygen  were 
found  to  sho.-;  an  anomalous  dependence  of  upon  pH.  In  these 


cases  o:i 


-pH  curves  an  extreme  at  pH  10  exists.  The 


effect  vas  not  observed  in  the  case  of  lipid  films  in  v/hich  mo 
lecules  the  both  carbonyl  .■-roups  v/ere  substituted. 

The  effect  of  variability  of  the  boundary  potential  of  na 
tive  and  modified  lecithin  monolayers  depends  upon  the  package 
asnsity  of  lipid  molecules  and  the  ionic  composition  of  subph¬ 
ase.  The  effect  may  be  explained  by  the  change  of  conf orinatioii 
of  the  head  polar  groups  of  lipid  molecules. 

The  experimental  data  were  analyzed  on  the  base  of  gene- 
ralyzad  Guy-Stern  model.  The  isoelectric  points  of  the  monola¬ 
yers  and  the  values  of  pK  of  ionisation  of  phosphate  and  choli 
ne  fra_ments  as  well  as  pK  values  of  adsorption  of  cations 
were  obtained. 
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LANGMUIR  MONOLAYERS  FORMED  BY  MESOGENIC  MOLECULES  AND 
TRANSLATIONALLY  ORDERED  MESOPHASES  WITH  AMPHIPHILIC  DOPANTS: 

A  COMPARATI^^  STUDY. 

L. N. Lisetski,  L. A.  Bairachenko  and  I.  P.  Krainov 
Institute  for  Single  Crystals,  60  Lenin  Ave.,  310001, Kharkov, USSR 

A  number  of  similarities  are  often  noted  between  Langmuir 
monolayers  and  liquid  crystals,  with  molecular  ordering  in  both 
cases  governed  by  subtle  equilibria  between  anisotropic  forces 
of  intermolecular  cohesion  and  steric  repulsions  determined  by 
geometrical  factors. In  this  report  we  present  two  closely 
related  data  sets  on  (a)  typical  amphiphilic  substances  in 
mesophases  with  layered  structures,  and  (b)  typical  mesogenic 
substances  forming  Langmuir  monolayers. 

The  most  interesting  result  of  the  first  set  was  a  rather 
unexpected  fact  that  non-mesogenic  aliphatic  acids  Ce.  g., stearic 
or  undecanoic)  did  increase  the  thermal  stability  of  the 
smectic-A  phase  of  4-alkoxy-4'“cyanobiphenyls,  which  could  be 
understood  in  terms  of  steric  factors. 

Using  the  pressure-area  diagrams  of  the  same  series  of 
aliphatic  acids  measured  in  a  parallel  set,  values  of  the 
relative  smectic-A  to  nematic  transition  temperature  increase 
^  and  of  the  collapse  pressure  were  plotted 

versus  the  fatty  acid  alkyl  chain  lenghth  n  In  both  cases  the 
curves  had  strikingly  similar  behaviour,  passing  through  a 
maximum  at  n  =  16  -  18.  With  shorter  chains,  increase  in  n 
led  to  enhancement  of  both  smectic  and  Langmuir  layer-forming 
properties;  with  longer  chains,  effects  of  high 
conformational  mobility  begins  to  prevail,  mesophase  stability 
decreases,  and  collapse  precedes  LC  monolayer  transition. 

Our  next  focus  of  attention  were  ^  -  A  diagrams  of  mixed 
monolayers  comprising  4-alkyl -4 'cyanobiphenyls  and  aliphatic 
acids.  Relative  monolayer  stabilization  regions  could  be  seen 
on  the  isotherms,  suggesting  molecular  packing  patterns 
similar  to  those  assumed  for  the  induced  smectics  formed  by 
the  same  components. 


BP30 


Incorporation  of  Non-amphiphilic  Compounds  into  Host-monolayers 


Wolfgang  Cordroch  and  Dietmar  Mdbius 
Max-Planck-Institut  fur  blophysikalische  Chemie 
Postfach  2841,  Am  Fafiberg,  D-3400  Gottingen,  FRG 


Monomolecular  and  Langmuir-Blodgett  films  normally  are  built  up 
using  compounds  that  consist  of  hydrophilic  and  hydrophobic  parts.  The 
lack  of  a  polar  headgroup  hinders  the  formation  of  stable  monolayers  at 
the  gas- water  interface..  Substances  without  a  hydrophilic  part,  like  alkanes, 
alkenes  and  aromatic  compounds,  form  drops  or  microcrystallites  upon 
spreading.  Such  with  only  little  polar  parts,  like  halogenated  alkanes  or 
heteroaromatic  molecules,  upon  compression  form  multilayers  of  indefined 
thickness.  We  have  prepared  stable  and  transferrable  monolayers  with  a  high 
fraction  of  n<A  -amphiphilic  compounds. 

The  molecular  arrangement  of  the  mixed  monolayers  of  non-amphiphilic 
compounds  and  octadecylmalonic  acid  as  host  molecule  at  the  gas-water 
interface  has  been  studied  by  measuring  surface  pressure/area  and  surfa¬ 
ce  potential/area  isotherms,;  including  h>steresis  and  relaxation  measure¬ 
ments  at  different  constant  surface  pressures  in  order  to  examine  the 
stdbilt\  of  the  mixed  monola\ers..  Halogen  alkanes  are  incorpoated  com¬ 
pletely  into  the  host  matrix.  In  contrast  to  terminally  substituted  fatt> 
acids  <1,  2>  the  halogen  atoms  are  oriented  in  the  direction  of  the  polar 
headgroups  of  the  host  molecules,  as  deduced  from  surface  potential 
measurements.  From  the  hysteresis  measurements  we  conclude  that  the 
non-amphiphiles  are  incorporated  into  the  monolayer  without  any  squee- 
/.ing-out,  a  behaviour  which  unsubstituted  alkanes  for  example  do  not 
show.  The  mixed  monolayers  can  easily  be  transferred  to  a  solid  substrate 
like  platinum,  which  we  used  to  prove  complete  transfer  by  surface  po¬ 
tential  measurements. 


I  M.K.Bernett,  W.A.Zisman.  J.  Ph\ s.Chcm.  (1963)  1534 

2..  M.K.Bernett.  N. Jarvis,  W .A. Zisman.-  J. Phi  s.Chem..  68  (1964)  3520 
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ORDERED  DOMAINS  IN  A  LANGMUIR  MONOLAYER  : 

STRUCTURE,  GROWTH  AND  NUCLEATION 
P,  Muller,  F.  Gallet.  •  Laboratoire  de  Physique  Statistiquc  de  I'Ecole  Normale  Superieure  - 
24,  rue  Lhomond  -  75005  Paris  -  France  -  Tel  (1)  43  29  12  25  p.  35  01 

We  investigate  the  phase  transitions  and  the  structure  of  ordered  phases  in  a  Langmuir 
film  made  of  fluorescent  amphiphilic  molecules,  deposited  at  the  free  surface  of  water.  Our 
Langmuir  trough  allows  simultaneous  observation  of  the  film  and  dynamical  measurements 
of  the  surface  pressure.  The  optical  properties  of  the  ordered  domains  and  their  behaviour 
during  growth  or  at  equilibrium  give  information  about  the  structure  of  the  phase  and  its 
anisotropy.  In  the  case  of  pure  NBD-stearic  acid,  we  observe  a  first  order  transition  between 
a  liquid  phase  and  a  solid  anisotropic  one,  organised  in  bright  elongated  needles.  Their  shape 
is  related  to  the  existence  of  a  long-range  orientational  order  of  the  molecular  dipoles,  as 
shown  by  light  absorption  experiments.  A  calculation  of  the  ordered/disordered  line  energy, 
based  on  interactions  between  electrostatic  dipoles,  leads  to  such  an  elongated  shape  and 
agrees  with  our  measurements..  In  a  growth  experiment,  we  simultaneously  record  the 
growth  of  the  needles  and  the  relaxation  of  the  surface  pressure  towards  equilibrium.  The 
longitudinal  growth  velocity  of  the  needles  is  proportional  to  the  overpressure,  like  for  a 
rough  unidimensional  interface.  The  growth  mechanism  seems  different  in  the  transverse 
direction.  We  also  measure  the  nucleation  rate  of  solid  domains  under  a  given  overpressure, 
and  show  that  the  nucleation  is  homogeneous.  This  experiment  gives  a  direct  measurement  of 
the  average  interface  energy  between  the  two  phases  at  the  transition  <k>  =  5  10’^  erg/cm. 
This  is  in  agreement  with  the  value  estimated  from  the  dipolar  interactions  model.  We  also 
measure  and  discuss  the  influence  of  the  temperature  and  of  controlled  impurities  on  this 
surface  energy. 


1  -  H,  Berccgol,  F.  Gallet,  D.  Langevin,  J.  Meunicr,  J.  de  Physique  50,  2277  (1989). 

2  -  P.  Muller,  F,  Gallet,  to  appear  in  J.  Phys.  Chem. ,  15th  april  91. 
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LB-FILMS  OF  NLO-DYES  WITH  CHIRAL  CENTRES 
IN  MATRICES  OF  AMYLOSE-ESTERS. 

1  12 
Monique  A. Schoondorp  ,  Arend  Jan. Schouten  ,  Jos  B.  E.  Hulshof  , 

Ebe  P.Schudde^  and  Ben  L.Ferlnga*. 

1)  Department  of  Polymer  Chemistry,  University  of  Groningen, 

Ni Jenborgh  16  9717  AG  Groningen,  The  Netherlands. 

2)  Department  of  Organic  Chemistry,  University  of  Groningen, 

Ni Jenborgh  16  9717  AG  Groningen,  The  Netherlands. 

Langmuir  Blodgett  films  of  amylose-esters  are  used  as  a  matrix  for  non 
linear  optical  active  molecules.  The  structure  of  the  matrix  has 
investigated  before  (1)  and  the  structure  of  the  mixtures  of  NLO-active 
dyes  in  LB  films  is  investigated  now. 

A  new  class  of  NLO  dyes  with  chiral  C-atoms  is  used  to  create  an 
interesting  NLO-system  with  molecular  asymmetry  incorporated  in  LB  layers. 
Mixtures  of  the  dyes  with  the  polymers  with  different  ratios  were  spread 
onto  the  water  surface..  The  mixtures  between  the  dye  ajid  the  polymers  show 
stable  monolayers  whereas  the  pure  dye  li  '  did  not. 

From  FT-IR-  and  UV  spectroscopy  as  well  as  from  optical  microscopy  it  was 
clear  that  there  was  no  two  dimensional  mixing  on  a  molecular  level.  From 
the  known  theory  of  two  dimensional  mixing  this  could  not  be  expected  (2). 
By  increasing  the  dye  content  to  a  certain  ratio  crystallites  are  formed 
and  these  can  be  observed  by  the  afore  mentioned  techniques.  From  SHG 
experiments  it  turned  out  that  in  certain  systems  the  effect  of  the  chiral 
C-atom  can  be  detected  when  the  system  is  Irradiated  with  high  laser  power 
inputs.  The  effect  of  the  asymmetric  c-atom  is  estimated  to  be  ±  10%  of 
the  effect  of  the  B  of  the  molecule. 

zzz 
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LANGMUIR-BLODGETT  FILMS  OF  FLUORINATED  POLYMERS 
FOR  NONLINEAR  OPTICS 

H.  Hsiuny.  j.  Rodriguez-Parada,  R.  Beckerbauer,  M.  Kaku,  and  W.; 
Tam,  Central  Research  and  Development,  Du  Pont  Company, 
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Noncentrosymmetric  Langmuir-Blodgett  (LB)  films  are 
potential  media  for  second-order  nonlinear  optical  (NLO) 
processes  such  as  second-harmonic  generation  and  linear  electro 
optic  effects.  In  addition  to  being  amphiphilic,  molecules 
designed  for  such  applications  must  possess  large  nonlinear 
polarizability  -  usually  by  including  a  donor-acceptor- 
substituted  conjugated  group.  The  overall  NLO  response  of  a  LB 
film  depends  on  the  degree  of  the  polar  alignment  of  the  NLO 
group  in  the  multilayer  structure.  It  is  a  common  problem  that 
the  polar  orientational  ordering  tends  to  deteriorate  both  with 
increasing  number  of  deposited  monolayers  and  with  time. 

From  practical  viewpoints,  polymeric  LB  films  may  hold  mar. 
advantages.  However,  with  few  exceptions,  previous  research 
activities  aimed  at  the  above  applications  were  focused 
primarily  on  monomeric  materials.  Here  we  report  nonlinear 
optical  LB  films  of  a  series  of  polyacrylates  and  polyoxazoline 
that  contain  side  groups  terminated  by  hydrophobic 
perf luorocarbons,  either  linear  [e.g.  CF3(CF2)n~;  n  =  5  to  9]  or 
branched  [e,.g.,,  [  (CF3)  2CF]2C=C  {CF3) -]  .  The  polymers  are  divided 

into  two  categories:  polymer  A  containing  NLO  side  groups  [e.g., 
CF^ (CFj)  p-SOj-Ph-NR-]  and  polymer  B  exhibiting  only  a  weak 
optical  nonlinearity.  Alternate  Y-type  deposition  of  a  polymer 
and  a  polymer  B  yields  noncentrosymmetric  LB  films  that  exhibit 
second-order  optical  nonlinearities.  Optical  second-harmonic 
generation  (SHG)  is  used  to  characterize  the  optical  quality  ar. 
the  temporal  stability  of  the  LB  films.  For  films  comprising  up, 
to  50  AB-bilayers,  the  SHG  intensity  displays  an  expected 
quadratic  increase  with  the  number  of  bilayers.  Excellent  in¬ 
plane  optical  uniformity  is  also  seen  in  all  of  the  LB  films  i.' 
the  series.  Furthermore,  the  polar  alignment  in  the  films,  as 
revealed  by  SHG,  has  remained  stable  for  months. 

In  the  present  study,  we  have  demonstrated  two  possible 
routes  for  improving  optical  quality  and  stability  of  nonlinear 
optical  LB  films:  the  exclusive  use  of  polymers,  and  the 
incorporation  of  fluorocarbon  groups  for  hydrophobicity . 
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Theoretical  Study  on  the  Effect  of  Heterocycles 
Reinforcing  the  Layered  Structure 

Kazuaki  Isomura.  Ken^i  Takehara,  and  Hiroshi  Taniguchi 
Department  of  Applied  Chemistry,  Faculty  of  Engineering, 

Kyushu  University,,  Hakozaki,,  Higashiku,  Fukuoka  812,  Japan 

Recently,  we  found  replacement  of  one  benzene  ring  in  4 ' -dodecyloxy- 
biphenyl-4-carboxylic  acid  1,  with  pyrazine  ring  caused  remarkable  improve¬ 
ment  of  the  stability  of  monolayer.;  The  monolayer  of  pyrazine  derivative  2 
could  be  alternately  deposited  with  that  of  arachidic  acid  to  form  hetero  Y- 
type  LB-film  showing  strong  second  harmonic  generation. 

Comparison  of  the  n-A 

isotherms  of  amphiphiles.  Table.-  Stabilization  Energies  of  mono- 
having  pyrazine  {2),.,  pyridine  layers  at  an  Area  of  0.25  nm  /molecule. 

ill.  pyrimidine  1^.  i.) ,  and 
pyrioazine  (2>  suggested  the 
electrostatic  multipole-m.ulti- 
pole  interaction  between  posi¬ 
tive  and  negative  charges  on 
C-  and  H-ators,  respectively, 
would  play  an  important  role 
in  stabllizi.ng  of  monolayer. 

In  order  to  estimiate  the  sta¬ 
bilities  of  the  m.onolayers, 
the  electrostatic  interactions 
by  each  molecule  surrounding 
one  .molecule  in  all  the  pos¬ 
sible  2-dimensional  crystal¬ 
line  models  were  calculated 
using  the  electron  density 
obtained  by  PPP-SCF  method.; 

Summation  of  the  energy'  contributions  from  the  nearest  ca.  500  molecules 
gave  good  convergence  (0.005  kJ/mol),  and  the  results  are  shown  in  the  Table. 
The  energies  calculated  well  explained  2  and  7  formed  closely  packed  stable 
m.onolayers  and  2  and  ^  did  not.- 

T.hese  results  demonstrate  electrostatic  interaction  using  2-dimiensional 
m.odel  would  serve  as  a  guideline  for  the  molecular  design  of  amphiphiles. 
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Excitation  Eliergy  Transfer  between  J-agc|regates 
of  cyanine  Dyes  in  IB  Filins  and  Liposomes 
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Kyoto  Institute  of  Techixjlogy,  Kyoto  606  (Jaqan) 


Although  membrane  systems  containing  J-aggregates  of  plural  kinds  of 
cyanine  dyes  are  interesting  for  the  study  of  migration  of  excitation 
energy  among  molecular  crystals  and  aggregates,  there  have  been  few  works 
on  this  subject.  In  this  stijdy,  we  have  prepared  LB  films  and  liposomes 
incorporating  two  J-aggregates  at  the  membrane  surface  and  examined  their 
luminescence  properties ,  i.e.,  quenching  and  sensitization  of  resonance 
fluorescence  (RF). 

Four  cyanine  dyes;  1 ,1  '-diethyl-2,2' -cyanine  chloride  or  iodide  (dyel), 

5 , 6 , 5 ' , 6 ' -dibenzo- 1,1'  -diethyl -2 , 2 ' -cyanine  chloride  ( dyell ) ,  5,5' -dichloro- 
3,3'-diethyl-9-phenylthiacarbocyanine  chloride  (dyelll) ,3,3'-dimethyl-9- 
phenyl-4,5,4'  ,5'-naphthothiacarbocyanine  chloride  (dyelV)  and  matrix 
compounds;  arachidic  acid  (C20),  L-a-dimyristoylphosphatidylcholine  (DMPC), 
dicetyl  phosphate  (DCP)  were  employed.  A  chloroform-methanol  solution 
containing  C20  and  two  kinds  of  dyes  were  spread  at  the  air -water  interface 
and  the  monolayer  was  compressed  to  7r=40  mN/m  and  then  transferred  to  the 
quartz  plate  by  vertical  deposition  method^ ) .  EMPC:DCP  liposomes  were 
prepared  in  a  conventional  manner  and  added  to  the  dilute  solution  of  these 
dyes  to  adsorb  them  at  the  surface^), 

Fig.1  showed  absorption  and  fluorescence  spectra  of  (dyeII+dyeIII)/C20 
layer  at  the  air-water  interface  and  on  the  quartz  plate.  Two  sharp 
J-bands  due  to  aggregates  of  dyell  (A=602nm)  and  dyelll  (X=667nm)  were 
observ’ed,  together  with  RF  at  \=606nm  (dyell)  and  X=670nm  (dyelll).  RF 
intensity  of  dyell  aggregate  was  weak  and  that  of  dyelll  aggregate  was 
strong,  due  to  excitation  energy  transfer  from  dyell  to  dyelll.  Although 
quenching  and  sensitization  of  RF  were  observed  wlien  two  J-aggregates  were 
adsorbed  at  the  same  liposomal  surface,  the  quenching  efficiency  of  the  RF 
of  dyell  aggregate  was  higher  than  that  in  the  LB  film  (Fig.2).  Increase 
in  the  dyelll  concenuration  at  the  liposomal  surface  as  well  as  in  LB  films 
brought  about  enhancanent  of  the  efficiencies  of  both  quenching  and 
sens iTizat ion  at  the  beginning.  However,  the  efficiencies  seem  to  attain 
seme  sat'.uration  values  at  too  large  dyelll  concentration.  These 
observations  indicate  che  importance  of  the  excluded  volume  effect  of  dye 


I)  Y.Yonezawa,  T.Havashi,  T.Sato  and  H.Hada,Thin  Solid  Films, 180,167(1939) . 
3)  T.Sato, Y.Yonezawa  and  H.Hada,J.Phys.Qiem. ,93, 14(1989) . 
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Aggregates  of  Some  Spiropyrans  with  a  Hydrophobic  Chain 

A.MIYATA.  D. HEARD,  Y . UNUMA,  AND  Y.HIGASIGAKI 
SHARP  Corporation,  Tokyo  Research  Laboratories 
273-1  Kashiwa,  Kashiwa-shi,  Chiba  277  (Japan) 

Spiropyran  derivatives  shown  in  Fig.  1  were  studied  on 
their  spectroscopic  properties  in  the  states  of  a  monoraolecular 
layer  at  the  air-water  interface  and  of  a  multilayer  as  the 
Langmuir-Blodgett  (LB)  film.  The  optical  spectra  in  the  LB 
films  of  SP180H  and  SP147  changed  on  exposure  to  UV  light  or  on 
heat  treatment.  The  UV-Visible  and  IR  spectra  suggested  the 
formation  of  intermolecular  hydrogen  bond  in  the  J-aggregate 
(Xmax=638nm)  for  SP180H  and  the  H-aggregate  (X,max=560nm)  for 
SPi47,  respectively.  The  half-decay  time  (560min)  of  the  J- 
aggregate  to  the  spiropyran  (SP)  form  was  found  to  be  longer 
than  that  (I35min)  of  the  colored  monomeric  photomerocyane 
(PMC)  form  to  the  SP  one.  Above  results  revealed  that  the 
intermolecular  hydrogen  bond  between  neighoring  PMC  molecules 
was  formed  through  thier  hydroxyl  groups  and  phenoxide  groups 
in  the  open-ring  form. 

SP18C1  with  no  capability  of  hydrogen  bonding  showed  the 
J-aggregate  (Xmax=652nm)  at  the  monomolecular  layers  compressed 
higher  than  20mNm”l.  On  the  other  hand,  the  molecule  was  found 

to  be  deposited  under  UV  J  ight 
irradiation  as  a  H-aggregate 
(Xmax=495nm)  in  the  LB  films.; 
Thus,  a  head-to-tail  structure 
seems  to  change  a  side  by  side 
structure  during  deposition.  The 
H-aggregate  was  disintegrated  with 
life  time  of  40min,  being  longer 
than  the  half-decay  time  of  ISmin 
from  the  PMC  to  the  SP  form  at 
25®C  in  the  dark. 

This  work  was  performed  under  the  management  of  the  FED 
(the  R&D  Association  for  Future  Electron  Devices)  as  a  part  of 
the  R&D  of  Basic  Technology  for  Future  Industries  supported  by 
NEDO  (New  Energy  and  Industrial  Technology  Development 
Organization)  . 
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SPieOH  CH20H 

SP147  OH 

SP18CI  CH2CI 
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SECOND  HARMONIC  GENERATION  IN  LANGMIUR-BLODGETT  MULTILAYERS 
OF  STILBAZIUM  SALT  POLYSTYRENE 

Liying  Liu,  Jiabiao  Zheng,  Wencheng  Wang,  Zhiming  Zhang 
Lab  of  Laser  Physics  and  Optics 
Yi  Fang,  Fenggang  Tao,  Linxiao  Xu 
Department  of  Chemistry 
Fudan  University,  Shanghai  200433,  P.R. China 

Abstract 

The  fabrication  of  nonlinear  optical  devices  of  organic 

materials  using  Langmiur-Blodgett  (LB)  techniques  has  attracted  more 

and  more  interest  these  years.  We  have  studied  a  stilbazium  salt 

derivative  with  second  order  molecular  polarizability  to  the  order 

—  27 

of  magnitude  of  10  e.s.u,  which  was  first  reported  by  D.Lupo  et 
al  in  1988.  Recently  polymers  have  been  widely  studied  as  LB  film 
materials  for  improving  the  film  stability.  We  synthesized  a 
stilbazium  salt  polystyrene  as  a  pre-polymerized  material  for  LB 
film  study. 

Surface  pressure-molecular  area  isotherm  of  the  stilbazium 
salt  polystyrene  and  the  stability  on  water  surface  were  studied, 
which  showed  that  this  material  could  form  stable  monolayer  on 
air-water  interfaces.  The  intensity  of  second-harmonic  signal  of 
monolayer  on  glass  substrate  was  measured  in  transmission.  It  was 
found  that  this  material  had  relatively  high  second  order  molecular 
polarizability. 

Multilayers  of  the  stilbazium  salt  polystyrene  of  Z-type  and 
Y-type  alternated  with  arachidic  acid  v/ere  fabricated  and  the 
enhancements  of  the  second-harmonic  signal  with  the  number  of 
monolayers  were  studied,  which  showed  that  this  kind  of  material 
might  be  promising  for  applications  in  nonlinear  optical  devices. 
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ELECTRIC  FIELD  POLING  OF  COMPOSITION 
MODULATED  POLYMERIC  FILMS 


T.  Merit  a*,  B.  G.  Higginat.  a,  Knoasan,  and  S.T.  Kowel 
Department  of  Chemical  Engineering 

and 

Organized  Research  Program  on  Polymeric  Ultrathin  Films 
University  of  California,  Davis  95616 


The  microstructure  of  a  film  can  be  controlled  by  depositing 
alternating  monomolecular  layers  of  material  of  known  thickness 
and  composition  to  form  a  composition  modulated  film.  In  this 
paper,  a  NLO  polymer  layer  was  alternated  with  an  optically  inert 
glassy  polymer.  The  thickness  and  composition  of  the  film  were 
then  varied  systematically  to  study  the  effect  of  film 
microstructure  on  the  magnitude  and  stability  of  the  second  order 
NLO  properties. 

A  coumarin  dye  substituted  polymer,  poly (methylmethacrylate- 
co-coumaromethacrylate)  [P(MMA-CMA)]  was  used  as  a  NLO  material. 
The  optically  inactive  spacer  material  was  poly  (isobutyl- 
methacrylate)  [PIBMA] .  Composition  modulated  films  were  prepared  by 
the  Langmuir-Blodgett  technique.  Second  order  nonlinear  properties 
were  induced  in  the  films  by  corona-onset  poling  at  an  elevated 
temperature.  Optical  properties  were  measured  by  UV-VIS 
spectroscopy  and  second  harmonic  generation  (SHG) . 

Composition  modulated  films  were  prepared  by  spacing  the  NLO 
monolayers  with  PIBMA.  Each  sample  had  a  specific  number  of 
spacer  layers  between  each  NLO  layer.  The  number  of  NLO  monolayers 
were  held  fixed  at  5.  For  comparison,  homogeneous  films  were 
prepared  by  depositing  LB  monolayers  of  PIBMA/P (MMA-CMA)  mixture 
maintaining  constant  number  of  NLO  molecules. 

Results  show  that  under  constant  poling  conditions,  (1) 
chromophore  orientation  increases  with  increasing  PIBMA 
concentration  to  an  upper  limit;  and  (2)  at  high  chromophore 
concentration  the  chromophore  orientation  in  modulated  films  is 
enhanced  over  homogeneous  films.  Stability  measurements  show  that 
SHG  intensity  for  both  composition  modulated  and  homogeneous  films 
stabilize  after  10  days  at  values  of  60-80%  of  the  initial  values. 


*  On  leave  from  Sony  Corporation. 

t  To  whom  correspondence  should  be  addressed:  Department  of 
Chemical  Engineering,  University  of  California,  Davis,  CA  95616. 


CPS 

QUANTUM  EFFICIENCIES  OF  PHOTO-ELECTRIC  CONVERSION  OF 
TRIAD  MOLECUUR  PHOTODIODES 

M.SAKOMURAand  M.  FUJIHIRA 

Department  of  Blomolecular  Engineering.  Tokyo  institute  of  Technology, 

4259  Nagatsuta.  Midori-ku.  Yokohama  227,  Japan 

In  previous  reports,  it  was  confirmed  that  a  gold  optically  transpar¬ 
ent  electrode  (Au  OTE)  modified  with  an  LB  monolayer  containing  the  ’’lin¬ 
ear”  type  A-S-D  triad  molecule  acted  as  a  molecular  photodiode  and  the 
observed  photocurrent  efficiency  was  much  hl^er  than  that  of  the  "folded” 
type  S-A-D  triad  molecule. On  the  Au  OTE,  however, the  photoexcited 
state  of  the  pyrene  moiety  mi^t  be  partially  quenched  by  energy  transfer 
to  the  metal  substrate^^  and  the  photocurrent  efficiency  was  lowered.  It 
is,  therefore,  strongly  desired  to  observe  the  photocurrent  of  the  triads 
deposited  on  transparent  and  nonquenching  electrode  material  for  determina¬ 
tion  of  the  intrinsic  quantum  efficiencies. 

In  this  report,  we  will  describe  the  photocurrent  quantum  efficien¬ 
cies,  which  were  calculated  from  the  photocurrents  of  the  monolayer  modi¬ 
fied  Sn02  OTE  and  the  absorption  spectra  of  LB  monolayers  on  quartz,  for 
triads  and  the  reference  compounds  shown  in  Fig.  1.  These  results  indicate 
that  the  more  preferable  spatial  arrangement  of  A,  S,  and  D  moieties  were 
attained  in  "linear"  triad  than  in  "folded"  triad. 

The  q  'ntum  efficiencies  for  the  systems  containing  hydroquinone  in 
solution  wlxx  be  also  described. 


SAD  Cll  SAD  C16  A-S-D  A-S-D- 


A-S  C16  A-S-  -S- 


Fig.  1.  The  structures  of  the  folded  and  linear  trlc^  and  their  reference 
compounds . 
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PHOTO-AMPLIFIED  STORAGE  OPTICAL  MEMORY  WITH  POLYION 

COMPLEXED  PYRENE  LB  FILMS 
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The  LB  films  of  photochromlc  material  have  been  studied  recently  as 
possible  high  density  information  storage  media.  In  this  laboratory, 
however,  the  more  sensitive  information  storage  LB  films  have  been  de¬ 
veloped  by  utilizing  rapid  quenching  of  the  fluorescent  LB  films  of  pyrene 
derivatives  by  the  photo-oxidative  products.  Previously^ ^ ,  we  reported  the 
monolayer  properties  of  newly  synthesized  pyrene  amphiphilic  derivatives, 
i.e.  DPHA  and  HPDA,  in  which  the  pyrene  moiety  is  located  not  at  the  end 
but  in  the  middle  of  the  alkyl  chain  of  fatty  acid.  The  structures  of 
these  compounds  are  shown  in  Fig,  1.  But  the  homogeneity  of  the  surface 
concentration  of  the  pyrene  moieties  in  the  LB  films,  i.e.  that  of  the 
luminescence  intensity  observed  by  a  fluorescence  microscope  was  not  enough 
for  high  density  information  storage. 

In  this  study,  we  will  report  the  improved  properties  of  the  pyrene 
LB  films  by  poly ion  complexation  with  a  water  soluble  cationic  polymer, 
i.e.  an  ammonium  form  of  polyallylamine  (PAA) . 

The  amphiphilic  pyrene  derivatives  were  synthesized  by  the  previous 
method^)  and  PAA  was  obtained  from  Nitto  Boseki  Co.^^ 

Fig.  2  shows  clearly  the  improved  n  -  A  isotherm  on  PAA  compared  with 
that  on  Ca^"^.  Fig.  3  shows  a  fluorescence  micrograph  of  the  HPDA-PAA  LB 
film  irradiated  by  N2  laser  through  a  standard  photomask.  High  homogeneity 
in  the  film  and  high  resolution  of  the  photo-oxidatively  quenched  fluores¬ 
cent  pattern  were  clearly  seen. 


1)  M.  Fujihira,  T.  Kamei,  M.  Sakomura,  Y.  Tatsu,  and  Y.  Kato,  Thin  Solid 
Films,  122,  (1989)  ^85. 
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Second-harmonic  generation  (SHG)  has  been  observed  from  mixed 
Langmuir-Blodgett  multilayers  of  JV-acyl-p-nitroaniline  (C^ANA)  and  p- 
alkylaminophenylacetic  acid  (CmAPA).  The  molecule  C^ANA  is  expected  to 
have  efficient  second-order  nonlinearity  because  of  the  large  molecular  polariza¬ 
bility  of  p-nitroaniline,  and  the  homologous  amphiphile  C^APA  contributes  to 
homogeneous  mixing  with  C^ANA  due  to  interlayer  hydrogen  bonding  between 
them.  Typical  mixtures  of  C^sANA  and  CjgAPA  (the  molar  ratio  of  1  :  1] 
formed  stable  monolayers  on  water  and  were  easily  transferred  onto 
hydrophobically-treated  substrates  with  a  high  dipping  speed  of  10  cm  min'^ 
The  depi...sited  films  up  to  300  layers  were  transparent  in  the  visible-spectrum 
region  without  any  disturbance. 

The  SHG  has  been  observed  from  Y-type  films  with  large  anisotropy  of  the 
SH  intensity  to  the  dipping  direction.  Further,  the  SH  intensities  were  strongly 
affected  by  the  alkyl  chain  lengths  of  the  mixing  components.  In  order  to  investi¬ 
gate.  the  mechanism  of  the  SHG  from  Y-type  films,  we  prepared  hetero-structural 
films  of  which  SHG-active  layer(s)  are  sandwiched  between  inactive  layers  such 
as  fatty  acids  and  measured  the  dependence  of  the  SH  intensity  on  an  incident 
angle  of  laser  light.  As  a  result,  a  hetero  film  with  one  active  layer  showed  a 
minirnura  intensity  at  normal  incidence.  In  contrast,  a  hetero  film  with  twu 
active  layers  showed  a  maximum  intensity  at  normal  incidence.  This  result  sup¬ 
ports  the  ''herringbone"-like  structural  modeU  of  inclined  molecules  for  a  non- 
.,entrosymmetric.  structure  in  the  Y-type  film. 


CH3(CH2)„.2 


NO2 


CnANA 


CH3(CH2Ui 


CH2COOH 


Cn^APA 


'  ' )  G,  Decher,  3..  ,  C.  Bosshard  and  P,  Gunter,  /,  Chcrn.  Soc.,  Chem.  Commun.,  (1988)93.3. 
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THE  ROLE  OF  THE  CENTRAL  HETAL  IN  PHTHALOCYANINE  LANGHUIR-BLODGETT  FILHS 
STUDIED  BY  HOLE  BURNING 

F.  Adamec,  H.  Ambroz,  ^P.  Balog,  ^E.  Brynda,  J.  Dian,  M.  Vacha  and 
J.  Hala 

Department  of  Chemical  Physics,  Faculty  of  Hathematics  and  Physics, 
Charles  University,  Ke  Karlovu  3,  121  16  Prague  2 

^Institute  of  Physics,  Charles  University,  Ke  Karlovu  5,  121  16  Prague  2 
2 

Institute  of  Hacromolecular  Chemistry,  Czechoslovak  Academy  of  Sciences, 
Heyrovskeho  nam.  2,  160  00  Prague  6,  Czechoslovakia 


Persistent  spectral  hole  burning  spectroscopy  was  applied  on  free  base 
and  central  metal  phthalocyanine  Langmuir-Blodgett  films  (LB  Pc)  to  study 
the  frequencies  of  normal  vibrations  (FNV),  homogeneous  width  of  optical 
transitions  (F  )  and  hole  burning  mechanisms.  P  was  determined  from 

hom  hom 

the  hole  widths  (<5  )  of  zero  phonon  hole  (ZPH)  measured  within  the  short 

HE 

burn  time  limit  in  fluorescence  spectra.  The  observed  ZPH  was  accompanied 
with  a  blue  shifted  antihole  and  red  shifted  phonon  wing.  This  phenomenon 
indicates  nonphotochemical  hole  burning  mechanism.  Horeover,  a  set  of  red 
shifted  off-resonance  holes  appearing  on  particular  FNV  was  observed. 
These  FNV  were  compared  with  data  observed  on  isolated  pigments  in  solid 
solutions  and  polyraere  foils  by  means  of  low  temperature  fluorescence 
spectroscopy  and  Raman  scattering.  The  parameters  of  ZPH  reflect 
relaxation  dynamics  of  the  first  excited  singlet  state  in  both  LB  films 
and  isolated  molecules.  All  these  effects  were  studied  with  respect  to 
the  role  of  the  central  metal  in  tetrapyrole  ring.  Furthermore,  the 
influence  of  the  burning  wavelength  tuning  on  ZPH  parameters  as  well  as 
hole  burning  kinetics  provide  complete  picture  of  hole  burning 
mechanisms. 
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EXCITED  ENERGY  TRANSFER  IN  LANGHUIR-BLODGETT  FILHS  STUDIED  BY  HOLE  BURNING 
SPECTROSCOPY 

J.  Hala,  F.  Adamec,  M.  Ambroz,  ^E.  Brynda,  J.  Dian,  V.  Kapsa  and  H.  Vacha 

Department  of  Chemical  Physics,  Faculty  of  Mathematics  and  Physics, 

Charles  University,  Ke  Karlovu  3,  121  16  Prague  2,  Czechoslovakia 

^Institute  of  Macromolecular  Chemistry,  Czechoslovak  Academy  of  Sciences, 
Heyrovskeho  nam.  2,  160  00  Prague  2,  Czechoslovakia 


The  close  contact  of  neighbouring  highly  organised  dye  molecules  in 

Langmuir-Blodgett  films  (LB)  results  in  strong  aggregation  effects  and 

fast  excited  energy  transfer  (EET)  between  them.  The  molecular 

organisation  in  LB  films  can  be  a  model  for  photosynthetic  antenna,  where 

the  tight  fixation  of  particular  chlorophyll  molecules  is  established  in 

large  pigment  protein  complexes.  The  fast  EET  provides  significant 

quenching  of  the  fluorescence  together  with  a  deacreasing  of  the  effective 

dephasing  time  T  of  the  first  excited  singlet  state.  This  T  value  can  be 
2  2 

directly  determined  from  fluorescence  lifetimes  t  and  also  from 

F 

hcmogeneoiis  width  f  of  the  particular  optical  transitions,  f  can  be 

horn  horn 

determined  experimentally  from  the  width  6  of  zero  phonon  hole  (ZPH) 

HB 

burned  into  low  temperature  fluorescence  spectrum.  To  avoid  the  broadening 
of  6  due  to  thermal  heating  and  spectral  diffussion  during  burning 

H  B 

procedure  a  set  of  different  fluence  experiments  was  performed.  The  6 

HB 

observed  in  isolated  phthalocyanines  was  approx,  two  orders  narrower  than 
that  in  LB  films.  This  broadening  was  explained  due  to  fast  EET  between 
neighbouring  molecules  in  LB  film.  Different  geometrical  arrangements  of 
molecules  in  LB  films,  molecular  layers  (prepared  by  other  techniques)  and 
.  ^  01  oo  photosynthetic  antennae  versus  that  of  isolated  molecules  in  solid 
solutions  (reflected  e.g.  in  various  6  temperature  dependences)  provide 

HB 

excelent  models  for  both  theoretical  and  experimental  studies  of  EET, 
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LANGMUIR-BLODGETT-MULTILAYERS  PROM  POLYMERS  FOR  LOW  LOSS  PLANAR 
WAVEGUIDES 


W.  Hickel/  G.  Appel,  D.  Lupo,  W.  Prafi,  U.  Scheunemann 
Hoechst  AG,  Frankfurt/Main,  FRG 

In  the  field  of  integrated  optics  LB  materials  are  of 
growing  interest  because  of  their  variable  layer  architecture, 
the  exact  control  of  thickness  and  the  high  nonlinear  optical 
coefficients  especially  for  second  order  processes  (1)  .  For  many 
applications  in  integrated  optics  it  is  necessary  to  build  up 
multilayers  of  waveguiding  thickness.  This  means  that  several 
hundred  monolayers  must  be  transferred  to  a  solid  substrate. 

Although  the  optical  properties  of  thick  LB-layers  are  so 
important  for  applications  very  little  work  has  been  done  on 
this  subject.  The  main  problem  for  waveguides  from  LB-films  is 
the  high  optical  loss,  typically  a  >  10  dB/cm  for  A  =  633  nm 
(2) .  The  aim  of  our  work  was  to  fabricate  thick  LB  multilayers 
from  preformed  polymers  under  reproducible  conditions  with  high 
optical  quality,  i.  e.  low  optical  loss. 

As  discussed  elsewhere  (3),  preformed  polymers  for  LB 
multilayers  have  interesting  properties  e.  g.  high  mechanical 
and  thermal  stability,  low  defect  density.  Therefore  it  should 
be  possible  to  prepare  thick  LB  films  with  high  optical  quality. 
For  our  experiments  we  used  different  vinyl  polymers  with  the 
following  monomer  unit: 

I 

CH3-  (  CH2  ^7  O  O  O  CHg 

\  II  II  II  I 

N  -  C  -  CHg-  CH2-  C  -  O  -  CHz-  Chfe-  O  -  C  -  C  -  CH 

/  I 

CH3-  CH^ 

By  varying  x  the  conformat^onally  order  of  the  alkyl  side  chains 
in  the  LB  film  can  be  influenced  (3)  .  Only  LB  films  from 
polymers  with  a  short  alkyl  side  chain  which  means  low 
conformationally  order  are  stable  and  homogenous  and  therefore 
the  multilayers  are  interesting  candidates  for  waveguiding. 

LB  multilayers  (500  layers)  from  the  polymers  desribed 
above  were  prepared  on  quarz  substrates  for  waveguiding.  The 
anisotropic  refractive  index  was  measured  using  waveguide 
spectroscopy  at  X  =  785  nm,  633  nm  and  442  nm.  For  optical  loss 
measurement  a  fiber  method  was  used  to  detect  the  scattered 
light  which  is  proportional  to  the  guided  intensity  in  the  film. 
For  0,8  fira  thick  films  the  attenuation  is  quite  low:  2  dB/cm 
(A  =  633  nm)  .  In  addition  to  the  waveguide  measurements  the 
samples  were  characterized  by  light  microscopy  to  identify  the 
attenuation  mechanisms. 


(1)  D.  Lupo  et  al.,  J.  Opt.  Soc.  Am.  B. ,  Vol.  5,  300  (1988). 

(2)  R.  H.  Tredgold  et  al..  Thin  Solid  Films  151  (1987)  441-449. 

(3)  F.  Embs  et  al.,  Adv.  Mater.  3  (1991)  1,  25-31 


STRUCTURE  AND  NONLINEAR  OPTICAL  PROPERTIES  OF  LB  FILMS 
FROM  p-NITROANILINE  DERIVATIVES 


M..  Bishop^,  J.H.R.,  Clarke^,  L.E.  Davis^,  TA.  King^,  F.R.  Mayersfl,  A.  Mohebati^,  R.W.. 
Munn^,  MM.  Shabat^,  D.  West^  and  J.O..  Williams^ 

a  Chemistry  Department,  UMIST,  PO  Box  88,  Manchester,  M60  IQD,  UK 
b  Electrical  Engineering  and  Electronics  Department,  UMIST,  PO  Box  88,  Manchester,  M60 

IQD,  UK 

c  Physics  Department,  University  of  Manchester,  Manchester,  M13  9PL,  UK 


Abslraci 

Theoretical  and  experimental  contributions  are  described  to  a  coordinated  programme  to  design, 
prepare  and  characterise  LB  films  with  high  nonlinear  optical  activity. 

The  para-nitroaniline  derivatives  [DAN  [1],  M\P  [2]  and  NPP  [3,4]  in  single  crj'Stallinc  form 
have  been  reponed  to  exhibit  encouraging  conversion  efficiencies  for  the  fr^uency  doubling  of 
laser  radiation  .  Derivatives  of  these  three  compounds  have  been  synthesized  for  the  purpose 
of  preparing  ordered,  homogeneous,  non-centrosymmetric  thin  films  using  the  Langmuir- 
Blodgett  (LB)  technique.  TTie  resulting  materials  incorporating  the  stearyl  moiety  SDAN, 
SMAP  and  SNPP  are  all  crystalline  both  as  the  powder  and  in  the  LB  film  form.  Moreover, 
frequency  doubling  of  1064  nm  NdrYAG  radiation  to  532  nm  has  been  demonstrated  for  both 
powders  and  LB  films  of  these  materials.  These  results  are  in  marked  contrast  to  those  of 
Tieke  et  al  [5]  for  other  para-nitroaniline  compounds  since  in  their  case  limited  LB  film-forming 
capability  was  demonstrated  with  no  frequency  doubling.  There  are  two  aspects  to  the 
modelling  of  these  films;  molecular  dynamics  simulations  and  molecular  graphics 
visualizations  have  been  used  to  investigate  their  structure,  and  planewise  lattice  sums  have 
been  used  to  investigate  the  collective  non-linear  optical  response  of  different  structures. 

Examination  of  the  three  dimensional  molecular  structures  reveals  that  they  can  be  well 
represented  by  the  combination  of  a  large  single  interaction  site  (the  aromatic  head  group)  and  a 
set  of  connected  beads  (the  CH2  groups  on  the  hydrocarbon  tail).  We  shall  repon  the  results 
of  molecular  dynamics  simulations  which  are  being  applied  to  examine  monolayer  and  bilayer 
films  for  these  models  of  the  p-nitroaniline  derivatives.  In  preliminary  work  [1]  we  have 
shown  that  64  molecules  per  layer  is  a  large  enough  sample  to  obtain  accurate  tilt  angles  for  a 
simple  hydrocarbon  monolayer.  Of  panicular  interest  is  the  dependence  of  tilt  angle  on  the 
molecular  structure  and  the  area  per  molecule  as  well  as  layer  separation  and  extent  of 
interdigitation  of  hydrocarbon  chains  in  a  Y-type  bilayer.  Such  information  is  of  fundamental 
imponance  to  accurate  calculations  of  nonlinear  optical  properties  and  to  the  interpretation  of 
experimental  data.  In  addition,  the  nonlinear  optical  response  of  ordered  films  can  be 
calculated  from  the  molecular  hyperpolarizabilities,  the  molecular  orientations  and  the  local 
electric  fields  in  the  layers.  In  turn  the  local  fields  depend  on  the  sums  of  dipole  interactions 
between  a  molecule  in  one  layer  and  all  the  molecules  in  tfiat  or  another  layer,  sums  which 
decrease  rapidly  with  the  separation  between  layers.  Calculations  of  these  planewise  dipole 
sums  have  been  performed  for  a  series  of  close-packed  model  structures  and  detailed 
calculations  for  tilted  model  struemres  will  be  presented 
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SECOND  HARMONIC  GENERATION  IN  LB-FILMS 
OF  PREFORMED  POLYMERS 

T.  Verbiest,  C.  Samijn  and  A.  Persoons 
Department  of  Chemistry,  University  of  Leuven, 

Celestijnenlaan  200  D,  3001  LEUVEN,  Belgium 

Copolymers  of  4- [4-(2-hydroxyethyl)methylamino)phenylazobenzo- 
^itrile-methacrylate  (HEMAPAN)  and  dodecyimethacrylate  (DMA)  were  prepared 
and  their  monolayers  at  the  air-water  interface  characterised  by  tt-A 
isothems.  The  polymeric  monolayers  were  transferred  to  a  glass-substrate 
by  the  LB-technique  ;  2-deposition  was  observed. 

Deposited  mono-  and  multilayers  of  the  HEMAPAN  (16  mol%)-DMA 
copolymer  were  characterised  by  dichroic  UV-Vis  spectroscopy  and  second 
harmonic  generation  (SHG).  From  results  obtained  by  both  techniques  the 
average  tilt  angle  of  the  NLO-active  side  groups  (NLOphores)  was  obtained. 
The  SHG-measurements  allowed  the  calculation  of  the  hyperpolarisability  of 
the  NLOphores  in  the  copolymer.  Compared  to  solution  values  of  the 
hyperpolarisability  of  4-[4-(N,N-dimethylamino)phenylazoJbenzonitrile  the 
hyperpolarisability  in  the  copolymer  is  strongly  decreased  presumably  due 
to  interactions  between  the  highly  polar  NLOphores  in  the  polymer.  How¬ 
ever,  favorable  orientation  effects  result  in  efficient  SHG  in  the  polymer 
films.  The  SHG-ef f iciency  can  be  improved  by  optimalisation  of  copolymeri¬ 
sation  ratios  and/or  distribution  of  the  NLOphores  in  the  chain.  In 
multilayer  films  a  superquadratic  dependence  of  the  SHG-ef f iciency  upon  the 
number  of  layers  was  observed. 
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POLYMERIC  MULTILAYERS  FOR  NLO-APPLICATIONS 

A.  Laschewsky.  W.  Paulus,  H.  Ringsdorf,  A.  Schuster 

Institut  fur  organische  Chemie 
J.J.  Becher  Weg  18-20 
Universitat  Mainz,  D-6500  Mainz,  Germany 

In  Langmuir-Blodgett  (LB)  monolayers  and  multilayers,  ampho- 
tropic  copolymers^' 2)  are  powerful  host  systems  for  functional 
low  molecular  weight  guest  molecules.  Such  copolymers  even 
enable  the  transfer  of  guest  compounds  not  capable  to  self- 
organize  at  the  air-water  interface  by  themself.  This  property 
is  particularly  useful  for  the  fabrication  of  LB-films  of  highly 
polarizable  NLO  dyes  like  hemicyanins  and  nitrophenylhydrazones  .. 
The  later  dyes  are  of  special  interest  since  they  exhibit  high 
second-order  nonlinear  optical  susceptibility  and  high 
molecular  hyperpolarizability  p  values  without  significantly 
absorbing  light  at  the  second-harmonic  wavelength^)  .  To  achieve 
high  SHG  signals  strong  donor  and  acceptor  groups  have  to  be 
incorporated  into  the  dyes.  However,  such  a  substitution  pattern 
often  results  in  poor  spreading  and  deposition  properties. 


(CH2)isCH3 


(CH2)i5CH3 


In  contrast  2:1  molar  mixtures  of  the  biphenylcopolymer  1  with 
the  nitrophenylhydrazones  2  form  stable  monolayers  at  room  tem¬ 
perature  although  the  pure  dyes  do  not.  The  mixtures  can  be 
deposited  as  multilayers  on  various  substrates,  as  demonstrated 
by  UV/Vis  spectroscopy  and  by  SAXS  experiments .  The  nonlinear 
optical  properties  of  transfered  monolayers  of  the  polymer/dye 
mixtures  were  determined  by  SHG  measurements,  showing  hyper¬ 
polarizability  values  exceeding  those  measured  previously  for 
amphiphilic  nitrophenylhydrazones  with  a  less  favourable  substi¬ 
tution  pattern^)  . 


1)  C.  Erdelen,  A.  Laschewsky,  H.-  Ringsdorf,  J.,  Schneider,  A..  Schuster, 
Thin  Solid  Films  180,  153  (1989) 

T.L..  Penner,  J,.S.,  Schildkraut,  H.  Ringsdorf,  A.  Schuster, 
Macromolecules,  in  press  (1991) 

M  D.  Lupo,  W.;  Prass,  U.,  Scheunemann,  A.  Laschewsky,  H.  Ringsdorf, 

I.  Ledoux,  J.  Opt...  Soc .  Am.  B5,  300  (1988) 
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Polymerizable  Non-linear  Optical  Langmuir-Blodqett 
Films  based  on  2-(21-Docosenvl)aLmino-5-nitroPvridine 
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Christian  Bosshard  and  Peter  Gunter 
Institute  of  Quantum  Electronics, 

ETH  Hongerberg, 

CH  8093,  Zurich,  Switzerland. 


Using  the  Langmuir-Blodgett  (LB)  technique,  multilayer 
films  of  2- ( 21'-docosenyl  )amino-5-nitropyridine  have  been  made  by 
transferring  stable  raonomolecular  films  from  an  air-water 
interface  onto  quartz  substrates.  Such  multilayer  films  can 
be  polymerized  by  X-ray  irradiation.  The  films  exhibit  the  same 
enhanced  second  harmonic  generation  efficiency  before  and  after 
polymerization.  This  is  due  to  the  highly  ordered  Y-type 
arrangement  in  the  film.  No  change  in  the  morphology  of  the  films 
have  been  observed  after  polymerization,  probably  because  the 
vinyl  group  is  at  the  terminal  portion  of  the  hydrocarbon  chain. 
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ORIENTATIONAL  INVESTIGATION  OF  2-DOCOSyLAMINO“5-NITROPYRIDINE 
AND  DERIVATIVES  BY  NONLINEAR  OPTICAL  TECHNIQUES 

r.h .  Rnsshard.  M.  Kiipfer,  M.  Florsheimer  and  P.  Gunter,  Insti¬ 
tute  of  Quantum  Electronics,  ETH  Honggerberg,  CH-8093  Zurich, 
Switzerland 

Q.  Tang  and  S.  Zahir,  Ciba-Geigy  AG,  Research  Center  Plastics 
and  Additives,  CH-1701  Fribourg,  Switzerland 

2-docosylamino-5-nitropyridine  (DCANP)  is  a  strongly 
nonlinear  optical  molecule  which  forms  high  optical  quality 
Langmuir-Blodgett  (LB)  films.  Its  linear  and  nonlinear  optical 
properties  have  been  described  in  [1|  and  [2].  The  DCANP 
molecules  form  stable  Y-type  LB  films  with  its  charge-transfer 
axis  in  a  plane  parallel  to  the  dipping  direction. 

As  reported  earlier  DCANP  showed  the  highest  nonlinearity 
when  compared  to  its  derivatives  [1] .  In  order  to  explain  this 
effect  we  looked  at  the  orientation  of  the  chromophore  of  the 
different  derivatives.  Using  nonlinear  optical  techniques  we 
observed  differences  in  the  orientation  when  varying  the 
aliphatic  chain  from  C18H37  to  C26H53.  We  obtained  two  angles 
describing  the  orientation  of  the  charge-transfer  axis  with 
respect  to  the  substrate  as  well  as  the  molecular 
hyperpolarizability  p.  The  results  agree  with  infrared 
spectroscopical  measurements  performed  at  Ciba-Geigy.  The 
correspondence  of  P  with  values  obtained  from  electric  field- 
induced  second-harmonic  generation  (EFISH)  measurements  is 
discussed . 


ilj  G.  Decher,  B.  Tieke,  C.  Bosshard  and  P.  Gunter, 
Ferroelectrics  91,  193-207  (1989) 

[2]  Ch .  Bosshard,  M.  Kiipfer,  P.  Gunter,  C.  Pasquier,  S.  Zahir 
and  M...  Seifert,  Appl.  Phys .  Lett.  56  (13),  1204-1206 

(1990) 
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Abstract 

Monolayer  film  formation  has  been  observed  for  polymers  in 
which  the  nonlinear  optical  (  NLO  )  chromophores  are  attached  in  the 
side  chain  of  polymethacrylate  (PMA)  backbone.  Polymer  monolayer 
were  successfully  transferred  onto  a  hydrophilic  glass  substrate  using  a 
moving  wall  type  LB  trough.  Mono-  and  multilayer  were  characterized 
by  pressure-area  isotherm,  polarized  UV-visible  spectrometer, 
ellipsometer  and  SHG  technique.  The  tilt  angle  calculation  from 
polavized  UV-visible  spectra  indicates  NLO  chromophores  are  inclined  to 
the  plane  of  the  substrate  at  a  shallow  angle.  The  SH  signal  from 
monolayer  was  observed. 
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SYNTHESES  AND  LANGMUIR-BLODGETT  FILMS  FORMATION 
OF  DONER-ACCEPTOR  ORGANIC  COMPOUNDS 

Daoben  Zhu  Chun  Yang  Yunqi  Liu  Yu  Xu 

Institute  of  Chemistry,  Academia  Sinica.  Beijing  100080,  China 


Organic  materials  have  recently  been  recognized  as 
promising  candidates  for  nonlinear  optics  (NLO)  applications  in 
view  of  their  fast  response  time  and  large  non-resonant 
nonlinear  effects.  Another  advantage  of  organic  materials  is 
their  relative  ease  of  processing,  for  example,  by  using  the 
Langmuir-Blodgett  (LB)  technique  to  fabricate  into  ultra  thin 
films  if  the  organic  NLO  materials  are  suitably  designed. 

4 , 5-Dih(jxadecylthio-4  ’  -ni  trostyryl- 1 , 3-dithiccyclopentene  , 

4 -he\adecoxy-2-methyl-4 ’ -nitro  azobenzene,  2 -ch 1 oro- 5 , 6 - 
dicyano-3- ( N-octadecyl )amino  pyrazine  and  2-methyl-4-(6- 
heptadecanoic-2 , 4-diynoxy ) -4 ’ -nitro  azobenzene,  shown  in  Figure 
1,  were  designed  and  synthesized.  Their  structures  were 
confirmed  b>-  elemental  analysis,  IR,  MS  and  ^H-NMR 
spectroscopy . 


^11^  N=ch-0-no: 

CKviCHo)  15?/  ' — 

CHo 

i  -H  -  i  CH.,  I  1 


Cl  Ah  <A 


CH. 


H  ,iCH2)'i7NH-^^N^  C 


,:j_H3-COCH2C=CC=CCH20-^^-N  =  N-^^^-N02  4 

Figure  1 .  Molecular  structures  of  doner-acceptor  compounds 


The  LB  films  were  carried  out  on  a  KSV  instrument 
Finland)  Although  a  typical  isotherm  was  obtained  for 
compound  3,  during  the  compression  the  Wilhelmi  plate  became 
itali'  to  the  water  surface,  indicating  high  viscosity  of  the 
Langmu i r  f i Im . 

For  ihe  .no  nolayer  nf  compound  1_,  the  molecular 

-  2  9 

rypexpolar 1 zabi ! ity  3  value  was  measured  as  ca.lO 


esu . 
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Studies  on  Nonlioear  Optical  Properties  of  LB  Film  Formed  from 
Azobeozocrown  Ether  Deriratires 

Zhong-qi  Yao  Peng  Liu 
(Lanzhou  Institute  of  Chem.  Phys,,  Academia  Sinica  P.R,  China) 

ABSTRACT 


A  kind  of  new-type  materials  of  optical  film— azobenzocrown  ether  der¬ 
ivatives  have  been  prepared 


I,R  =  C,^K^r 

IpR  *  Ci^HjjO- 


n.R*c,,H„- 

IIijR*  CijHj,- 


The  structure  and  preparing  condition  of  theirs  langmuir  film  have  been 
studied  with  tt-A  isotherms.  These  compounds  can  well  form  monolayer  on 
the  subphase  and  transfered  to  glass  base  to  form  multilayer  over  100  layer. 
The  film  preparation  are  influenced  by  the  pH,  concentration  and  the  kind  of 
ions  which  subphase  contains.  The  desired  structure  of  LB  film  can  be  ob¬ 
tained  by  varing  the  method  of  preparing  film.  We  have  also  studied  the 
constructure  of  the  LB  multilayer  with  X-ray  diffraction  and  proved  that  the 
designed  molecule  is  consistent  with  CPK  molecular  model.  The  X-ray 
diffraction  measurement  of  same  samples  after  one  month  showed  that  the 
film  are  quite  stable.  The  second  harmonic  generation  of  these  compounds 
were  examined,  which  found  to  be  the  order  of  10'“—  10"%su. 
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SYNTHESIS  AND  LB  FILM  DEPOSITION  OF  SYNDIOREGIC 
STILBAZOLIUM  POLYMERS 

J.M.  Hoover.  R.A.  Henry,  G.A.  Lindf.ay  and  M.P.  Nadler 
Research  Department,  Naval  Weapons  Center 
China  Lake,  California,  USA  9355? 

Our  laboratory  continues  to  pursue  the  design,  synthesis, 
characterization  and  LB  film  deposition  of  new  polymeric 
materials  specifically  engineered  for  nonlinear  optical  (NLO) 
waveguide  applications.  Our  research  has  focused  on  NLO 
polymers  as  especially  attractive  candidate  materials  for 
applications  in  optical  computing  and  communications 
technologies.  We  are  presently  investigating  a  series  of  main- 
chain  stilbazolium,  syndioregic  (accordion-like)  polymers.  These 
polymers  exhibit  very  interesting  LB  film  formation  and 
deposition  characteristics  and  second-order  NLO  properties. 

The  polymers  were  synthesized  by  step-growth  polymerization 
of  bis-alkylpyridinum  and  bis-benzaldehyde  monomers.  The 
polymers  were  purified  by  preparative-scale  gel  permeation 
chromatography  and  characterized  by  thermal  and  spectroscopic 
analysis.  Low  molecular  weight  (5,000  to  20,000  g/mol)  and 
intensely  colored  (absorptivity  -  100,000  L/cm  mol)  polymers 
were  obtained.  The  polymers  had  glass  transition  temperatures 
ranging  from  145  to  185®C. 

Monolayer  films  were  prepared  by  spreading  chloroform 
solutions  on  18  Mohm  water  (Waters  Milli-Q  system)  in  a  dual¬ 
compartment  NIMA  LB  trough.  Isotherms  were  generated  at  room 
temperature  and  depositions  were  performed  on  fuzed  quartz, 
glass,  ZnSe  attenuated  total  reflectance  (ATR)  crystals  and  on 
[100]  silicon  wafers.  Monolayer  and  multilayer  films  were 
characterized  spectroscopically  for  thickness,  refractive  index 
and  degree  of  molecular  orientation.  Second  harmonic  generation 
(at  532  nm)  was  also  used  to  indicate  the  relative  amount  of 
optical  nonlinearity  present  in  the  films. 

Isotherm  analysis  indicated  that  collapse  pressures  for 
monolayers  of  these  polymers  ranged  from  40  to  50  mN/m,  and  that 
repeat  units  (each  containing  2  stilbazolium  chromophores ) 
occupied  0.5  to  0.6  nm^  at  collapse  or  0.8  to  0.9  nm^  when  the 
isotherms  slope  were  extrapolated  to  zero  surface  pressure. 
These  areas  per  chromophore  agreed  well  with  those  for 
stilbazolium  side-chain  polymers  reported  previously  by  our 
laboratory  (LB4) .  Additionally,  SHG  and  other  spectrocopic 
analysis  indicated  that  a  high  degree  of  noncentrosymmetric 
order  exists  in  LB  films  of  these  folded  main-chain  polymers 
having  a  syndioregic  configuration  of  chromophores.  Multilayer 
LB  film  stability  and  structure  will  be  discussed  along  with  the 
synthesis  of  these  novel  syndioregic  chromophoric  polymers. 
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Dye  Fluorescence  Kinetics  of  LB  Filins. 

A . G . Vitukhnovsky , M . I . Sluch 
P.N. Lebedev  Physical  Institite, 

Academy  of  Sciences  of  the  USSR, 

Leninsky  Pr. 5 3, 117924  Moscow, USSR. 

J . G . Warren , M . C . Petty , 

Molecular  Electronics  Research  Group, 

School  of  Engineering  and  Applied  Science, 

University  of  Durham, DHl  2Ln,U.K. 

Fluorescence  decay  analysis  is  one  of  the  most  widely  used 
techniques  for  studying  the  distribution  and  mobility  of 
molecules  in  ordered  media  [l].  In  this  paper  fluorescence  decay 
is  applied  to  investigations  of  perylene  aggregate  formation  in 
£0-tricosonoic  acid  LB  films.  The  role  of  temperature  in  excimer 
formation  is  discussed  for  different  concentrations  of  probe 
molecules  in  LB  films. 

The  decay  analysis  of  thiacyanine  dye  LB  films  is  important 
for  their  practii-al  application  as  a  covering  for  photon  and 
corpuscular  detectors  to  obtain  a  large  Stokes  shift.  The 
extremly  short  lifetime  (-500  ps)  of  the  thiacyanine  dye  LB  films 
is  investigated. 

The  investigation  of  energy  transfer  in  low-dimensional 
ordered  media  by  fluorescence  decay  analysis  is  also 
discussed. Detailed  analysis  of  energy  migration  of  LB  films  with 
1.5%  concentration  of  donor  molecules  (1-pyrenebutanoic  acid)  and 
1. 5%;7%, 9%concentration  of  acceptor  molecules 

( 16 (9-antroyloxy) palmitic  acid)  is  made. 

Tha  kinetic  fluorescence  characteristics  were  measured  by  a 
time-correlated  single  photon  technique.  The  FWHM  of  the 
detection  system  response  function  was  about  200  ps. 

[1].  Vitukhnovsky  A. G., Sluch  M. I., Warren  J., Petty  M.,C., 

Che  >. x^-'hys. Letters,  1990, 173 , 5-6,425. 
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NONLINEAR  OPTICAL  POLYAMIDE  FILMS 
DERIVED  FROM  L-AMINO  ACIDS 

G.  A.  Lindsay.  R.  A.  Henry,  J.  M.  Hoover,  M.  P.  Nadler, 

R.  A.  Nissan,  M.  D,  Seltzer  and  J.  D.  Stenger-Smith 

Chemistry  Division,  Research  Department 
Naval  Weapons  Center,  China  Lake,  CA  93555  USA 

Thin  organic  films  which  contain  a  permanent  alignment  of  molecular  dipoles 
exhibit  nonlinear  optical  properties  that  are  of  great  interest  in  optoelectronic  devices. 
These  same  films  may  also  exhibit  useful  piezoelectric  and  pyroelectric  properties. 
Polymeric  films  are  especially  desirable  because  they  are  nonvolatile,  and  can  be  designed 
to  have  high  glass  transition  temperatures.  Furthermore,  polymeric  films  cat*  be 
crosslinked  in  two  or  three  dimensions  to  further  restrict  mobility. 

We  report  here  on  new  polyamides  and  their  nonlinear  optiral  thin  film  properties. 
Films  were  fabricated  by  the  Langmuir-Blodgett  (LB)  deposition  technique.  LB  deposition 
was  chosen  for  fabricating  multilayer  films  due  to  the  exquisite  control  of  molecular 
alignment  (pressure-assisted  ;elf  assembly  of  polymer  chains  floating  at  the  air-water 
interface),  and  the  outstanding  control  of  film  thickness.  Films  were  deposited  onto 
transparent  solid  substrates  for  further  cliaracterization. 

Biologically  derived  amino  acids  are  useful  in  preparing  polyamides  because  of 
their  singular  stereo-configurations.  This  enables  the  polypeptides  to  self  assemble  into 
orderetl  conformations.  We  have  been  designing  synthetic  polypeptides  which  can  easily 
fomi  ordered  monolayers  at  the  air-water  interface.  We  have  synthesized  novel, 
chromophore-substituted  polypeptides  designed  for  beta-sheet  organization  at  the  air-water 
interface.  These  polymers  are  prepared  by  derivatization  of  preformed  polypeptides,  and 
by  polymerization  of  derivatized  amino  acids.  Molecular  ordering  by  infrared  techniques, 
and  the  second- order  nonlinear  optical  properties  of  multilayer  films  prepared  by  LB 
deposition  are  described. 
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ELECTROCHROMISM  IN  MIXED  LB  FILMS  CONTAINING  RARE- 
EARTH  BISPHTHALCCYANINES 

B.  Lukas*+,  D.R.  Lovett*  and  J.  Silver^ 
*Department  of  Physics,  University  of  Essex,  Colchester 
■‘‘Department  of  Chemistry  and  Biological  Chemirtry, 
University  of  Essex,  Colchester 


Although  good  deposition  ratios  have  been 
obtained  for  the  deposition  of  rare-earth 

bisphthalocyanine,  notably  [Yb (pc) (pc) ] ,  provided  suitable 
Z-type  deposition  is  used,  the  phthalocyanines  have  not 
proved  ideal  materials  for  LB  deposition  as  they  do  not 
contain  a  polar  head-group.:  In  order  to  decrease  collapse 
rate  and  to  improve  film  quality,  the  bisphthalocyanines 
have  been  mixed  with  stearic  acid  or  cadmium  stearate. 
Presently,  rare-earth  phthlocyanines  are  in  preparation 
with  alkyl  linked  side  chains  to  improve  the  ordering  of 
the  LB  films.  The  paper  will  discuss  the  structure  and 
electrochromic  behaviour  of  the  mixed  films,  of  alternate 
layer  films  using  different  fatty  acids  plus 
bisphthalocyanines,  the  behaviour  of  the  phthalocyanines 
containing  the  side  chains,  and  the  electrochromic 
behaviour  of  films  which  consist  of  a  mixture  of 
bisphthalocyanines..  By  these  techniques  a  range  of  novel 
voltage-dependent  absorption  bands  are  accessible  in  the 
visible  and  near  infrared  regions  of  the  electromagnetic 


spectrum . 
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THE  PHOTOEXCITED  STATES  OF  RHODAMINE  AND  ANTHRACENE  IN 

MIXED  LB-FILMS 

Elina  Vuoriinaa,  Mar  jo  Ikonen  and  Helae  Lerametyinen 

University  of  Helsinki,  Department  of  Physical  Chemi¬ 
stry,  Meritullinkatu  1  C,  00170  Helsinki,  Finland. 

We  have  studied  the  photoexited  states  of  octadecyl 
rhodamine  B  (Rh)  and  2- (9-anthroyloxy) stearic  acid 
(AS)  in  mixed  LB-films  by  flashphotolysis  and  picose¬ 
cond  fluorescense  decay  measurements.  The  concentra¬ 
tion  of  Rh  is  kept  constant,  20  mol-%,  and  AS  varies 
from  0  to  10  mol-%.  In  the  samples  studied  so  far  AS 
and  Rh  compounds  are  in  the  same  layer  in  a  stearic 
acid  matrice. 

In  the  Rh  groundstate  spectrum  there  is  a  monomer 
peak  in  572  nm  and  a  dimer  peak  in  535  nm.  The  Rh  mo¬ 
nomer  absorption  maximum  at  572  shifts  to  longer  wave¬ 
length  and  the  dimer  intensity  decreases  with  increa¬ 
sing  AS  concentration.  This  indicates  that  there  is  a 
ground  state  complex  between  AS  and  Rh. 

Transient  absorption  spectra  were  observed  at  a  wa¬ 
velength  range  from  405  to  640  nm.  The  absorption 
maxima  were  ob-'erved  at  425  nm,  450  nm,  and  565  nm.  It 
is  evident  that  at  least  two  components  are  present,  a 
Rh  triplet  and  a  Rh  anion  radical.  The  Rh  cation  radi¬ 
cal,  probably  at  495  nm,  is  observed  only  when  AS  con¬ 
centration  is  0.  The  absorptions  at  450  nm  and  565  nm 
increase  with  increasing  AS  concentration  due  to  an 
electron  transfer  from  AS  to  excited  Rh  and  a  Rh  anion 
radical  is  formed. 

In  the  absence  of  AS  a  double  exponential  decay  of 
the  Rh  fluorescense  is  observed  with  fluorescence  li¬ 
fetimes  of  0v2  ns  and  1.6  ns.  When  the  concentration 
of  AS  was  10  mol-%  the  lifetimes  were  0.4  ns  and  2.3 
ns.  It  is  well  known that  the  fluorescence  in¬ 
tensity  of  Rh  decreases  with  an  increase  of  dye  con¬ 
centration.,  At  higher  Rh  concentrations  energy  trans¬ 
fer  to  a  nonf luorescent  dimer  has  been  suggested  as  a 
main  quenching  mechanism.  The  increasing  lifetime 
with  increasing  AS  concentration  might  be  due  to  de¬ 
creasing  self  quenching  and  decreasing  dimer  propor¬ 
tion  . 


Naoto  faraai,  Tomoko  Yaraazaki  and  Iwao  Yamazaki 
Chem.  Phys.  Lett.  147  1988)  25 

Z  Nobuaki  Nakashima  and  Keitaro  Yoshihara  J.  Chen 
Phys  73  (1980)  3553 

J.  Klaus  Kemnitz.  Naoto  Tamai,  Iwao  Yamazaki,  Nobuaki 
Nakashima  and  Keitaro  Yoshihara  J.  Phys.  Chem.  90 
(1986)  5094 
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WAVEGUIDING  IN  POLYMER/LB  FILM  SANDWICH  STRUCTURES 

J.  P.  Cresswell^.  G.  H.  Cross^,  M.;  C.  Petty*,  D.  Bloor^  and  W.  J.  Feast® 

*Molecular  Electronics  Group,  School  of  Engineering  and  Applied  Science, 
^Optoelectronics  Group,  School  of  Engineering  and  Applied  Science, 

^Department  of  Chemistry 
University  of  Durham,  Durham,  DHl  3LE,  U.K. 

The  increasing  use  of  optical  communications  offers  many  potential 
applications  for  switching  and  modulation  devices  based  on  nonlinear  optical 
materials.  These  devices  invariably  use  waveguides  to  confine  light  within 
a  micron  scale  region,  allowing  control  of  the  light  with  small  voltages  and 
permitting  easy  integration  with  optical  fibres  and  microelectronic  circuits. 

Langmuir-Blodgett  films  of  certain  dye  molecules  can  exhibit  significant 
nonlinear  optical  properties,  particularly  for  small  numbers  (<20)  of  layers^. 
Unfortunately  layers  of  sufficient  thickness  for  waveguiding  often  exhibit 
nonlinear  effects  that  are  smaller  than  expected;  such  structures  are  also 
relatively  lossy,.  Thinner  LB  films  have  been  used  as  overlays  on  linear 
waveguides,  but  in  this  geometry  the  film  only  transmits  the  evanescent  tail 
of  the  waveguide  mode,  greatly  reducing  the  nonlinear  effect..  In  this  work 
we  shall  describe  a  structure  in  which  LB  layers  are  placed  close  to  the  field 
maximum  of  a  polymer  waveguide;  this  combines  ease  of  fabrication  with  the 
potential  for  significant  nonlinear  properties. 

The  structure  consists  of  a  substrate  coated  with  a  passsive  polymer 
layer  dipped  from  solution.,  LB  layers  are  then  applied,  followed  by  a  second 
solution  dipped  polymer  layer.  The  criteria  for  choice  of  the  two  polymers 
will  be  discussed  in  terms  of  refractive  index  and  type  of  solvent. 
Theoretically  calculated  guided  mode  field  profiles  will  be  presented  showing 
that  the  LB  film  guides  a  much  larger  proportion  of  the  energy  compared  to  the 
overlay  device.. 

The  construction  of  a  waveguide  of  poly(methyl  methacrylate)  electro¬ 
optic  LB  layers  and  poly-4-vinyl  pyridene  is  described.-  The  guide  was 
produced  on  a  silicon  substrate,  allowing  cleaving  and  endfire  coupling  of 
light  at  632.8  nm.- 

The  electro-optic  response  of  the  waveguide  is  currently  under 
investigation. 


Reference 
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STUDIES  ON  ELECTROLUMINESCENCE  OF  MULTILAYER 
LANGMUIR -BLODGETT  FILMS* 

YuHn  Hua>Junblao  Peng,  Dellang  Cul.Lan  LL Zheng  Xu,Xurong  Xu 
(Institute  of  Material  Physics,  TIan  Jin  Institute  of  Technology,  P.  R.  China  ) 

Zhongql  Yao,  Xiaoming  Chen 

(Lanzhou  Institute  of  Chem.  Physics, Academia  Sintca,P.  R.  China) 

Organic  DC  electroluminescence  (  EL  )  devices  are  first  created  by  fully  using 
multiiay  LB  films  technology,  which  is  different  from  the  method  of  traditional  vacuum 
evaporation.  The  f i Im  —  moleculars  possessing  regular  space  arrange  and 
orientation. 

This  device's  basic  structure  consists  of  a  hole  —  transport  and  a  electron  —  transport 
layer.  The  hole  —  transport  layer  is  15  monolayers  of  l,I0—blstearyl  —  4,6,13,15  — 
tetraene— 18  —  Nltrogencrown  —  6  (  Nc  )  ,  without  fluorescence.  The  electron —  transport 
layer  is  15  monolayers  of  8— hydroxyquinollne  aluminum  ( 8— Alq  ) ,  possessing  fluorescence.  Total 
is  two  cycles  and  60  layers. 

The  device's  properties  of  electricity  and  spectra  are  analysed.  The  blue  — green 
emission  has  been  achieved  from  the  cell.  Fig.l  shows  the  current  —  voltage  characteristics 
curve  for  the  cell,  lower  excitation  voltage  (about  4.0v),  and  better  property  of 
voltage- resistant.  Fig. 2  shows  the  fluorescence  spectrum  of  8— Alq  and  EL  emission 
spectrum,  in  which  the  peak  position  shifts  a  little  to  red.  The  emission  zone  is  affirmed 
In  S— Alq  layer  through  comparing  them.  So  It  is  proved  that  the  EL  mechanism 
Is  the  recombination  of  electron  and  hole  coming  from  the  Nc  layers  In  the  8  — Alq 
layers.. 


Stjlld  -  1  (..■ijttv.encc  \pcciri.n-,  ot  Ah,. 


*This  subject  Is  suported  by  the  Opening  Laboratory  of  Exciting  State  Physics, 
Changchun  Institute  of  Phy.slcs,  Academia  SInIca. China 
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PHOTOCHROMISM  IN  SPIROPYRANS  AND  SPIROTHIOPYRANS* 

Xiaodong  Ma,  Yabin  Huang,  Weili  Zhao,  Weifeng  Zhang,  Zuliang  Du,  Meigong  Fan#  and 

ZiqiangZhu 

(Dept;  of  Physics.  Henan  Univ.,  Kaifeng,  #  Inst  of  Photogn4>hic  Chem.  Academy  of  Sciences.  Beijing.  PRC.) 

The  photochiomic  properties  of  qmopyian-containing  LB  films  have  been  widely 
studied.  In  the  present  paper,  we  synthesize  5  different  spiropyrans  and  4  spirothiopyrans.  All 
the  compounds  form  good  quality  LB  films  and  most  of  them  can  form  J-aggiegates.  The  J- 
aggregates  formation  is  very  sensitive  to  the  purity  of  die  water  subphase  since  impurities  in 
water  can  substantially  influence  the  sdf-assonbly  process . 

The  excitation  and  emissitm  spectra  are  quite  similar  fmr  all  the  compounds,  but  the 
time  of  photoisomerisation  is  strongly  dependent  on  the  molecule.  With  the  Spex  F212 
Buorolog  Spectrometer,  we  are  only  able  to  detect  the  photochromism  process  of  two  of  our 
compounds,  SPl  and  SP2.  When  irradiated  with  390nm  light,  they  need  ca  30  min  at  350  lux 
to  turn  from  the  spiro  form  to  the  merocyanine  fmm;  the  back  reactions  are  even  slower. 

The  photochromism  times  for  the  spirothiopyran  are  much  faster  while  the  back 
isomerisations  are  very  slow. 

Once  the  J*aggregates  are  formed,  they  can  maintain  more  then  eight  months 
without  any  protection.  It  is  suggested  that  the  stability  of  the  J-aggregates  arise  from  an 
energy  gain  of  about  0.2eV  during  the  formation  of  the  J-aggregates.  It  is  estimated  from  the 
energy  diagram  of  the  spirqjyran  and  its  merocyanine  fona 

After  illuminating  the  LB  film  with  the  proper  light,  J-aggregates  are  formed. 
Thus,  the  orientation  of  the  nK)lecules  are  changed  and  then  frozen  down  during  the 
photoisomerisation. 

Hence,  such  LB  films  may  be  of  potential  use  in  optical  m^nory  devices. 


*  The  Project  is  suppmted  by  National  Natural  Science  Foundation  d  Qiina  (NSFC) 
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SECOND  HARMONIC  GENERATION  IN  MIXED  CAROTENOID-FATTY  ACID  AND 
CAROTENOID-CYCLODEXTRIN  LANGMUIR-BLODGETT  FILMS 

S.  Palacin  ®,  V.  Dertan*’,  M.  Blanchard-Desce®.  I.  Ledoux^,  A.  Ban-aud®,  J.M.  Lehn‘=  and  J.  Zyss^ 

®  CEA/Sdrvtc«  de  Chimis  Moldcuiaira,  BSL  125.  CE  Saday,  91191  Gif  sur  Yvette  Cedex  (France) 

^  Centre  N^ional  <fEtudes  des  T4tdcommunications,  196  Avenue  Henri  Ravera,  92220  Bagneux  (France) 

®  Chimie  des  interactions  Mol4culajres,  Oolite  de  France,  1 1  place  Maieeilin  Bertheiot,  750(»  Paris  (France) 

Push-pull  carotenoids  have  recently  been  found  to  disfi^ay  efficient  optical  second  harmonic 
generation  (SHG)  both  in  the  solid  state  and  In  solution  [1 ,2].  Similar  results  have  now  been  obtained  when 
proper  push-pull  carotenoids  are  involved  in  non-centrosymmetricai  stnjctures  built  by  the  LB  method . 

As  shmwn  recently  [3,4],  dissymmetrical  carotenoids  can  be  organized  in  the  solid  state  by  the 
LB  method  .  For  instance,  the  push-pull  carotenoid  benzodithia-9-poiyene-pyridine  (BPP9),  when  diluted 
with  co'tricosenoic  acid  ((oCas),  gives  rise  to  well-oriented  aggregates  where  the  molecular  long  axis  are 
found  perpendicular  to  the  substrate  [4].  A  similar  structure  is  obtained  when  the  cationic  carotenoid 
benzodithia-S-polyene-methyipyridini'jm  (BPPS-**)  is  diluted  wHh  an  amphiphilic  cyclodextrin  (CD),  but  pari  of 
the  carotenoid  molecules  appear  in  that  case  as  vertically  oriented  monomers 

These  two  different  mixtures  (BPP9  •«-  a)C23 ,  BPPS*^  +  CD)  have  been  investigated  by  optical 
methods  as  morxiiayers  and  non-centrosymmetrical  alternated  multilayers  .SHG  experiments  performed  at 
\  s  1 .064  pm  [5]  allowed  us  to  measure  the  effective  second  order  susceptibility  of  the  non-linear 
molecules.  By  comparison  with  the  se^nd  harmonic  signal  emitted  by  a  single  monolayer  of  BPP9'*'  •»-  CD ,  it 
has  been  shown  that  the  orientational  order  of  the  film  increases  when  monolayers  of  BPPS*^  +  CD  are  built 
up  into  alternated  active-passive  structures  with  pure  CD  (P  «  396  10'^°  esu,  tilt  angle  >  27.5° )..  On  the 
contrary,  the  non-linear  efficiency  of  an  alternate  BPP9  +  (0C23  /  fi)C23  active-passive  film  is  reduced  with 
respect  to  the  efficiency  observed  on  a  single  monolayer  of  BPP9  (0C23.  revealing  that  non- 
centrosymmetry  is  partly  broken  as  the  number  of  layers  increases . 

Finally,  the  results  suggest  that  cyclodextrins  can  be  used  to  help  set  up  a  non- 
centrosymmetrical  assembly  of  dissymmetrically  modified  carotenoids  for  use  in  quadratic  non-linear  optics. 
As  a  next  step,  we  propose  to  further  increase  the  non-linear  optical  efficiency  by  adequate  engineering  of 
active-passive  mixed  carotenoid-cyciodextrin  layers .. 

[1 }  M.  Blanchard-Oesce,  1.  Ledoux,  J.M.  Lehn,  J.  Malth4t«  and  J.  Zy$s,  JC$  Cham.  Common.,  1988,  737. 

[2]  M.  Barzoukas,  M.  Blanchard-Oesct,  D.  JosM,  J.M.  Lehn  and  J.  Zyss,  Chem.  Phys. ,  1989, 133,  323. 

[3]  A.  Wagmann,  B.  Tiake,  J.  Pfoiffsr  and  B.  Hilli,  JCS  Cham.  Common. ,  1989, 586 . 

[4]  S.  Palacin,  M.  Blancha^-Oasca,  J.M.  Lahn  and  A.  Barraud.  Thin  SoM  Films.  1989, 178, 387 . 

[5]  I.  Ladoux  m  al,  Thin  SoPd  FUms,  1988, 160 , 217 .. 
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NOVEL  ORGANIC  LUMINOPHORES  FOR  LB -MULT I STRUCTURES 

M. A. Afanasyeva,  N. I. Voronkina,  I. P. Krainov,  S. F., Kramarenko, 

V.  V.  Lyakh,  N.  A.  Popova,  and  A.,  V.Tolmachev 

Institute  for  Single  Crystals, 60  Lenin  Ave.  ,310001 , Kharkov, USSR 

Synthesis  of  new  amphiphilic  luminophores  in  the  oxazole, 
oxadiazole,  and  pyrazoline  series  is  reported.,  Langmuir  mono- 
and  heterostructures  have  been  obtained,  formed  by  pure 
luminophores,  their  compositions  and  solutions  of  the 
luminophores  in  stearic  acid  in  a  broad  concentration  range.  On 
the  basis  of  P-S  diagrams  of  the  systems  studied  conclusions 
were  made  concerning  packing  of  the  luminophore  molecules  in  the 
monolayer, 

Spectral -luminescent  characteristics  of  the  luminophores 
were  studied  in  chlorophorm  solutions  and  LB  multistructures  of 
up  to  100  monolayers.  Dependence  of  luminescence  intensity  on 
luminophore  concentration  in  the  stearic  acid  has  a  maximum  in 
the  range  of  5-25  mol.%  for  different  luminophores.:  Highly 
diluted  CIO'^  -lO'"^  mol.5i)  luminophore  solutions  in  the  low- 
molecular  solvents  showed  luminescence  typical  for  the  isolated 
molecules.  At  the  same  time  in  LB  structures  it  was  observed  up 
to  concentrations  of  5  mol.%,  while  higher  luminophore  content 
led  to  luminescence  of  the  associates. 

We  have  obtained  luminophore-comprising  LB  structures  where 
up  to  40  mol.%  luminescence  of  both  isolated  molecules  and 
associates  could  be  observed,  which  considerably  broadens  the 
luminescence  range. 
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Oxygen  induced  fluorescence  quenching  of  pyrene  labeled  phosphatidylcholine  in 
matrix  monolayer  at  the  gas/water  interface 


R.  C.  Ahuja  and  D.  Mobius 

Mox-Planck-lnstltut  fur  biophysikalische  Chemie,  Postfach  2841,  3400  Gottingen,  FRG 


We  report  here  on  the  photophysical  properties  of  pyrene  labeled  phosphatidylcholine 
(2,3-bis{1-pyrenedecanoyl)-L-a-phosphatidylcholine  ;  2PPPC)  embedded  in  unlabeled 
phosphatidylcholine  matrix  monolayer  at  the  gas/water  interface.  The  pyrene  chromo- 
phore  is  located  at  the  end  of  both  acyl  chains  of  the  phospholipid.  Phospholipids 
with  varying  acyl  chain  length  such  as  DLPC,  DMPC,  DPPC,  DSPC  and  DAPC  were  used 
as  the  matrix  molecules..  Surface  pressure-,  reflection-,  and  fluorescence- area 
isotherms  were  used  for  characterization  of  the  photoph^  ^ical  properties  of  the 
pyrene  chromophore.  The  reflection  spectrum  of  the  2PPPC  at  the  air/water  interface 
shows  four  bands  at  278nm,  317nm,  333nm,  and  348nm  respectively,  which  are 
slightly  shifted  towards  longer  wavelength  as  compared  to  that  for  monomer  and 
shift  further  with  increasing  surface  pressure  indicating  pyrene  dimer  formation.. 
The  reflection-area  isotherms  at  275nm  and  348nm  show  that  the  long  axis  of 
the  pyrene  chromophore  is  not  prependicular  to  the  air/water  interface..  Increasing 
the  acyl  chain  length  of  the  matrix  molecule  leads  to  changes  in  the  shape  of  the 
reflection-area  isotherms  indicating  that  the  pyrene  molecular  axis  becomes  more 
and  more  parallel  to  the  hydrophobic  chains.  The  fluorescence  spectrum  of  the  mixed 
monolayer  (2PPPC:DPPC  1:50)  at  surface  pressure  <  0.5mN/m  shows  both  the  mono¬ 
mer  (378nm  395nm,  and  428nm)  and  excimer  {  485nm)  emission.  The  fluorescence 
intensity  and  the  ratio  of  monomer  and  excimer  bands  depends  strongly  on  the  sur¬ 
face  pressure  and  the  acyl  chain  length.  In  accordance  with  the  literature  reports, 
we  found  that  the  pyrene  fluorescence  (both  monomer  and  excimer)  is  strongly 
quenched  by  the  prescence  of  oxygen.  However,  the  degree  of  quenching  is  much 
more  pronounced  in  the  the  case  of  monolayer.  The  effect  of  oxygen  on  the  fluores¬ 
cence  intensity  was  found  to  be  reversible  The  degree  and  kinetics  of  quenching 
of  pyrene  emission  are  strongly  dependent  on  the  surface  pressure  and  the  length 
of  acyl  chain  of  matrix  molecule  For  example  m  the  case  of  DAPC  as  matrix  molecule 
hardly  any  quenching  of  the  pyrene  fluorescence  was  observed.  The  results  are 
analyzed  and  discussed  in  terms  of  molecucr  model. 
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Surface  coverage  by  wetting  with  amphiphilic  dyes 

BY  ADSORPTION  OR  BY  LaNGMUIR-BlODGETT  TECHNIQUE: 

A  COMPARATIVE  STUDY  USING  SECOND-HARMONIC  GENERATION 

M.  Pinnow.  G.  Marowsky,  F.  Sieverdes,  D.  Mobius,  C.  Krohnke*,  D.  Neuschlifer* 
Max-Planck-Institut  fur  biophysikalische  Chemie,  D-3400  Gottingen 
*  CIBA-GEIGY  AG,  CH-4002  Basel 


Abstract 

Symmetry  requirements  restrict  second-harmonic  (SH)  generation  from 
centrosymmetric  media  to  the  interfacial  range.  Monomolecular  adsorbates 
and  near-surface  quadrupolar  SH-contributions  can  be  the  origin  of  the  2w- 
response  upon  excitation  of  a  surface  with  a  single,  monochromatic  wave  of 
fundamental  frequency  u. 

We  have  covered  glass  surfaces  with  both,  LB- type  monolayers  prepared  from 
hemicyanines  and  alternatively  with  layers  of  various  coverage  densities 
prepared  by  simple  wetting  with  chloroform  and  alcohol  solutions  of  the 
same  chromophores.  The  wetting  technique  permits  the  application  of  a  wide 
concentration  range  of  the  hemicyanines:  10’®  -  10'^  molar  for  chloroform 
solutions. 

The  adsorbates  were  analyzed  with  respect  to  polarization-dependent  SH- 
signals  in  terms  of  s-  and  p-polarized  SH-response  and  .''ith  respect  to  the 
average  tilt  angle  #  with  high  angular  resolution.  This  method  allowed  us 
to  identify  two  different  adsorption  characteristics:  site-specific 
adsorption  with  rather  small  i^-values  for  low  concentrations  of  the  wetting 
solution  and  therefore  low  coverage  density  of  adsorbed  molecules.  With 
increasing  conce''tration  the  molecules  are  adsorbed  at  extremely  high  tilt 
angles  onto  the  substrate.  In  comparison  at  LB-monolayers  prepared  from 
hemicyanines  at  the  same  (linear-optically  monitored)  coverage  density  the 
SH-signals  were  approximately  two  orders  of  magnitude  higher  in  intensity 
under  favorable  conditions,  indicating  the  high  degree  of  organization  -  in 
particular  their  polar  ordering  -  of  such  films. 
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IR-ANALYSIS  OF  LANGMUIR-BLODGETT  FILMS  FOR  NON-LINEAR  OPTICS. 

H.-P.  Haerri.  Ciba-Geigy  Materials  Research  Marly, 
WY-185.003,  CH-1701  Fribourg.  Switzerland;  Q.  Tang,  Ciba- 
Geigy  Plastics  Research,  Marly,  wy-l90.058,  CH-1701  Fribourg, 
Switzerland;  S.  Zahir,  Ciba-Geigy  Plastics  Research, 
R-1059.102,  CH-4002  Basel,  Switzerland  and  B.  Tieke,  Akzo 
Research  Laboratories,  Corporate  Research,  D-8753  Obernburg, 
West  Germany. 

The  state  of  order  of  Langmuir-Blodgett  (LB)  films  of  2- 
docosanyl  amino-5-nitropyridine  (DCANP)  and  its  N-alkyl 
homologues  with  alkyl  chain  length  of  18,  20,  24  and  ?6 
carbons  were  investigated  by  polarized  IR-spectroscopy.  It 
has  been  shown  that  films  made  from  these  molecules  have  high 
second  order  optical  susceptibilities,  provided  the  structure 
of  the  film  is  non-centrosymmetric.  Films  of  these  molecules 
are  therefore  promising  for  applications  like  second  harmonic 
generation  (SHG)  of  IR-lasers. 

In  order  to  quantify  the  orientation  of  molecules  in  films 
the  dichroic  ratio  is  determined  with  e.g.  respect  to  the 
dipping  direction  and  the  orthogonal  direction  both  lying  in 
the  plane  of  the  substrate.  Although  this  ratio  accounts  only 
for  two  spatial  directions  it  allows  with  some  restrictions  a 
comparison  of  the  degree  of  order  among  DCANP  and  its 
homologues  and  their  alignment  on  various  substrates. 

Spectra  of  films  on  silanized  quartz  plates  are  compared 

with  films  on  ZnSe  and  Germanium.  From  the  dichroic  ratio  one 
concludes  that  the  alignment  of  the  CH2-groups  in  the 

hydrocarbon  chain  and  of  the  NH-groups  increases  with  chain 
length.  The  absorption  intensities  show  that  the  number  of 
adsorbed  molecules  increases  in  the  order:  Ge  <  silanized 
quartz  <  ZnSe.  The  highest  SHG  efficiency  is  achieved  for 
DCANP  where  both  the  dichroic  ratio  and  the  number  density 
are  nigh.  For  the  IR-tra nsparent  prism  substrates  the 
combination  of  transmission  and  attenuated  total  reflection 
(ATR)  spectroscopy  allows  to  determine  the  absorption 
perpendicular  to  the  substrate  surface. 

The  technique  to  measure  the  IR-spectra,  the  analysis  and 
the  Interpretation  are  discussed.  Geometrical  consideration 
for  the  mutual  arrangement  of  the  molecules  to  account  for  a 
high  SHG-ef f iciency  based  on  the  above  results  will  be 
presented. 
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LANGMUIR-BLODGETT  FILM  FORMATION  AND  CHARACTERISATION 
OF  A  NEW  TRIS-CHROMOPHORE  NON-LINEAR  OPTICAL  OLIGOMER 

R  M  Swart  and  E  S  Froggatt 

ICI  Corporate  Colloid  Science  Group,  The  Heath,  Runcorn, 
Cheshire  WA7  4QE 

A  N  Burgess,  A  Eaglesham,  B  Cook  and  D  Louden 
ICI  C&P  Ltd,  The  Heath,  Runcorn,  Cheshire  WA7  4QE 

D  P  Devonald  and  M  G  Hutchings 

ICI  Specialties  Research  Centre,  Hexagon  House, 

Blackley,  Manchester  M9  3DA 

S  Allen  and  T  G  Ryan 

ICI  Wilton  Materials  Research  Centre,  PO  Box  90,  Wilton, 
Middlesbrough,  Cleveland  TS6  8JL 

Some  of  the  problems  encountered  with  LB  films  ere  associated  with 
their  poor  thermal  and  mechanical  stability,  though  there  are  reports  o£ 
polymeric  LB  films  with  improved  stability  and  optical  properties. *> 
However,  polymers  are  rather  less  tractable  than  their  monomeric 
counterparts  and  we  report  here  the  properties  of  an  oligomeric  structure 
which  appears  to  possess  the  good  Langmuir  film  forming  properties  of 
monomeric  materials. 

The  structure  consists  of  three  chromopbores  attached  to  a  diamide 
backbone  which  forms  the  hydrophilic  end  of  the  molecule.  Each  chromophore 
is  derivatised  with  a  hydrocarbon  chain  to  provide  hydrophobic  character. 
The  molecule  forms  stable  Langmuir  films  over  a  pure  water  subphase  with  a 
surface  pressure/area  per  molecule  isotherm  which  rises  to  50  mNm~^  before 
collapse.  The  area  per  molecule  obtained  by  extrapolating  to  zero  pressure 
can  only  be  modelled  by  a  structure  adopting  an  S  configuration  of  the 
backbone  at  the  water  surface.  This  appears  to  be  achieved  by  the  amide 
linkages  adopting  the  cis  rather  than  trans  configuration  at  the  air/water 
interface  and  in  the  LB  film.  LB  films  are  readily  deposited  onto  glass. 
The  efficient  transfer  seems  to  result  from  hydrogen  bonding  between  the 
headgroups . 

FTIR  characterisation  of  the  LB  film  at  grazing  angle  and  a  neutron 
scattering  study  of  both  the  monolayer  cn  the  water  surface  and  the  LB 
multilayer  gave  a  detailed  description  of  the  behaviour  of  the  molecule  and 
the  structure  adopted  in  the  LB  film. 

1.  P  Hodge  et  al,  Philos.  Trans.  R.  Soc.  London.  A.  1990,  330.  153-66 

2.  W  Prass,  Hoechst  High  Chem  Magazine.  1989,  15. 
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Electrical  and  dielectrical  properties 
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MEASUREMENTS  OF  RATE  CONSTANTS  OF  PHOTOINDUCED 
ELECTRON  TRANSFER  FROM  VARIOUS  FERROCENE  DERIVATIVES 
TO  AN  EXCITED  Ru(bpy)32+  DERIVATIVE 
IN  HETEROGENEOl^  LB  FILMS 

M.  FUJIHIRA,  M.  YANAGISAWA.  T.  KONDO.  and  K.  SUGA 
Department  of  Biomolecular  Engineering.  Tokyo  Institute  of  Technology, 

4259  Nagatsuta,  Midori>ku.  Yokohama.  227  Japan 

For  the  purpose  of  constructing  artificial  photosynthetic  molecular 
systems  for  solar  energy  conversion,  we  have  studied  photoinduced  electron 
transfer  kinetics  of  Langmuir-Blodgett  (LB)  film  molecular  assemblies  in¬ 
volving  organic  molecules  with  spatial  regularity^ .  In  the  process  of 
studying  these  kinetics  in  solid  states,  we  found  that  the  luminescence 
decay  curves  for  Ru(bpy)2*  in  LB  films  could  be  fitted  well  as  a  sum  of 
two  exponential  functions  although  those  in  organic  solutions  as  a  single 
exponential.  Previously,  we  reported  the  effect  of  photooxidation  of  Ru 
complex,  but  the  other  factors  giving  a  fast  component  have  not  been  clari¬ 
fied  yet^^ . 

On  the  other  hand,  in  connection  with  photoelectric  conversion  in  LB 
films,  we  have  studied  the  photoinduced  electron  transfer  kinetics  in 
heterogeneous  LB  films  containing  the  sensitizer  (S)  and  the  electron 
donors  (D)  with  different  standard  redox  potentials,  E*’s^^.  Electron 
transfer  quenching  was  observed  even  in  the  S/D  LB  system  in  which  the 
electron  transfer  seemed  to  be  an  up-hill  reaction  based  on  the  energy 
levels  determined  by  the  half-wave  potentials,  Ej^/2’  acetonitrile.  We 
interpreted  this  result  as  the  effect  of  the  electrical  double  layers 
formed  in  the  LB  films.  The  standard  free  energy  of  the  electron  transfer 
quenching,  AG*,  based  on  ^112  should  be  modified  by  taking  account  of  the 
electric  potential  difference,  A0,  generated  between  the  sensitizer  and 
the  donor. 

In  the  present  work,  in  order  to  find  out  the  other  origins  for  the 
fast  component  in  the  decay  curves  of  Ru{bpy)2‘*'  LB  films  without  D  layers, 
we  studied  the  effects  of  i)  laser  power,  ii)  irradiation  time  in  vacuum, 
air,  H2O,  or  N2  atmosphere,  iii)  counterions  added  in  the  subphase,  iv) 
diluting  reagents  with  various  dilution  ratios,  and  v)  interaction  between 
Ru{bpy)2  and  substrate  plates.  We  also  reexamined  the  effect  of  electri¬ 
cal  double  layers^ ^  on  photoinduced  electron  transfer  quenching  rates  from 
amphiphilic  ferrocene  derivatives  with  different  charges  (  +1,  0,  -1  )  at 
the  hydrophilic  head  groups  to  an  excited  Ru(bpy)2*  amphiphiles  in  hetero¬ 
geneous  LB  S/D  systems. 

1)  T.  Kondo,  H.  Yamada,  K.  Nishiyama,  K.  Suga,  and  M.  Pujihira,  Thin  Solid 
Films,  XU  (1989)  463. 

2)  M.  Pujihira  and  H.  Yamada,  Thin  Solid  Films,  I60  (1988)  125.  • 

M.  Pujihira,  K.  Nishiyama,  and  K.  Aoki,  I60.  (1988)  31?. 

3)  T.  Kondo  and  M.  Pujihira,  Kobunshi  Ronbunsyu,  42*  (1990)  921. 

4)  T.  Kondo  and  M.  Pujihira,  Chem.  Lett.,  1991.  191. 
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DEVICE  STRUCTURES  FOR  THE  ELECTRICAL  CHARACTERIZATION  OF 
LANGMUIR-BLODGETT  FILMS  OF  CONDUCTING  POLYMERS 

E.  Punkka*  and  M.  F.  Rubner 

Massachusetts  Institute  of  Technology,  Department  of  Materials 
Science  and  Engineering,  Cambridge  MA  02139,  USA 
*  Permanent  mailing  address:  Technical  Research  Centre  of 
Finland,  Semiconductor  Laboratory,  Otakaari  7B,  02150  Espoo, 
Finland 

Various  device  structures  have  been  fabricated  using  Langmuir- 
Blodgett  films  of  conducting  polymers  as  electrically  active 
elements.  Schottky  junctions  formed  to  LB  films  of  poly (3- 
hexylthiophene)  exhibit  only  partially  blocking  behavior  due 
to  a  dopant  accumulation  at  the  electrode-polymer  interface. 
However,  these  devices  can  be  utilized  in  probing  the 
electrical  material  parameters  close  to  the  rectifying  contact. 
With  metal-insulator-polymer  structures,  on  the  other  hand,  the 
depletion  layer  can  be  swept  through  the  LB  multilayers,  and 
the  dopant  profile  can  be  examined.  Charge  carrier  mobility 
was  determined  by  using  field-effect-transistor  structures. 

The  field-effect  was  observed  even  in  a  monolayer  of  a 
conducting  polymer.  We  have  also  fabricated  heterostructures 
by  sandwiching  mono-  or  multilayers  of  doped  polypyrrole 
between  multilayers  of  undoped  poly(3-hexylthiophene) . 
Capacitance  measurements  with  MIS  structures  and  Schottky 
barrier  configurations  indicate  a  modulated  dopant  profile. 


DP3 

Photogenerated-Charge-Storage  in  Hetero  Langiuir-Blodgett  Fills  including 

Stero’dal  TCNQ.  Cu-Phthalocyanine  and  Steroidal  p-Phenylenediaiine 

Katsuvuki  Nai to.  Akira  Miura,  and  Makoto  Azuma  (Advanced  Research  Labora¬ 
tory.  Toshiba  Research  and  Developient  Center,  Toshiba  Corp.. .  1  Komukai- 
Toshiba-cho,  Saiwai-ku,  Kawasaki.  210,  Japan) 

For  realizing  aolecular  electronic  devices  using  hetero  LB  films,  elec¬ 
tric  charge  or  carrier  behaviors  in  the  organic  super  lattices  can  be 
controlled  by  outer  energies  such  as  an  electric  field.  For  this  purpose, 
uniform  and  defect-free  dye  LB  fills  are  indispensable.  We  have  investi¬ 
gated  molecular  structures  producing  uniform  dye  LB  films  and  have  synthe¬ 
sized  a  wide  range  of  dye  aiphiphiles,  substituted  by  a  steroid  skeleton.  ^ 
In  the  present  study,  we  have  asseibled  uniform  hetero  LB  films  including 
donor  and  acceptor  lolecules,  and  have  tried  to  conduct  the  photogenerated 
charges  with  an  electric  field. 

We  constructed  an  NIN-type  device  by  the  usual  vertical  dipping  method 
as  shown  in  Fig.  2:  ITO//  I.  180  A/  A.  2  Layers,  36  %/  S,  2L,  44  X/  D,  2L. 

60  A  /  I,  330  A//  Hg  (#=  1-2  ni).:  Electrical  measurements  were  carried  out 
in  an  aibient  atiosphere  at  rt. 

Transient  current  in  accordance  with  the  electron  flow  from  D  to  A  was 
observed  by  illumination  of  red  light  absorbed  by  S.  as  reported  by  Fuji- 
hira  et  al.  ^  In  the  absence  of  both  A  and  D,  the  photocurrent  was  reduced 
to  1  %.  In  the  absence  of  D,  it  was  not  reduced  very  much  (92  %).  Photo¬ 
voltage  was  also  observed  and  was  in  accordance  with  the  value  calculated 
froi  the  current  and  the  capacitance.  The  action  spectrum  indicated  that 
the  photoresponses  of  the  hetero  fill  were  due  to  photoexitation  of  S.  The 
peak  height  of  the  transient  current  was  proportional  to  the  0.75  powers 
of  the  light  intensity  (620  nm).  The  peak  height  increased  as  the  applied 
voltage  increased  (Hg  negative).  The  open  circuit  voltage  was  about  2  V. 

In  the  dark,  the  fill  was  a  good  insulator  (resistivity  >  lO^^Ocm  at  1  V) 
and  no  rectifiable  property  was  observed. 

In  the  film  structure  including  the  strong  donor  and  acceptor  molecules 
separated  from  the  electrodes  by  the  insulator  layers,  the  photoinduced 
electrons  and  holes  can  be  expected  to  be  stored  in  separated  positions  in 
the  dark..  The  life  tiie  of  the  separated  charges  was  leasured  by  the 
photovoltage  decay  and  by  the  photocurrent  recovery..  Based  on  the  condi¬ 
tion  of  applied  voltage  of  0  V  and  1/8  sec  illumination  of  610  nm  light  of 
6  mW/ci^,  the  tine  taken  for  complete  photocurrent  recovery  (Tr)  was  about 
10  min.  Tr  was  controllable  by  changing  the  applied  voltage:  it  was 
extended  to  30  lin  under  -0.5  V  (Hg  electrode),  and  further  extended  over 


Ih  under  -1  V, 
absence  of  0, 


on  the  contrary,  shortened  to  1  nin  under  0. 5  V. 
Tr  was  extreiely  shortened  to  5  sec  under  0  V. 
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Fig.  1  Molecular  structures  used  here.  Fig.  2  Schematic  energy  diagram. 

1)  K.  Naito,  A.  Miura,  M.  Azuia,  Langmuir  in  press. 

2)  M.  Fujih’.ra  et  al.  Thin  Solid  Films,  132.  77,  160.  125.  180.  43. 
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FAST  IN-PLANE  PHOTOCONDUCTON  IN  LANGMUIR-BLODGETT 
MULTILAYERS  OF  POLYD I ACETYLENES 

K.J. Donovan,  R. V. Sudlwala.  E.G.  Wilson 
Dept,  of  Physics,  Queen  Mary  and  Westfield  College, 

Mile  End  Road,  London  El  4NS,  England. 

The  motion  of  charge  carriers  in  Langmuir-Blodgett  multilayers  of 
polymerized  10, 12  pentacosadiynoic  acid  has  been  observed.  The  carriers, 
created  between  surface  electrodes  by  light  pulses  of  25ps  duration  from 
a  frequency  doubled  Nd  YAG  laser,  move  along  1-D  ’molecular  wires’, 
formed  by  the  PDA  chains,  under  the  influence  of  an  externally  applied 
electric  field.  An  anisotropy  is  observed  in  the  magnitude  of  the 
photocurrent  in  the  two  directions  parallel  and  perpendicular  to  the 
dipping  direction  and  indicate  a  preference  of  PDA  chains  to  orient 
parallel  to  the  dipping  direction. 

The  electric  field  dependence  of  the  measured  charge,  Q,  is  found  to 
range  from  linear  to  slightly  superlinear,  and  is  consistent  with  1-D 
Onsager  theory.  The  dependence  of  Q  on  light  intensity,  I,  is  sublinear. 
varying  as  Q  =  I™  with  m  a  2/3,  and  is  believed  to  be  the  result  of  using 
surface  electrodes.  Th !  distance  charge  carriers  move  before  trapping  is 
found  to  be  between  20/im  and  60pm. 
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FABRICATION  OF  ELECTRICALLY  CONDUCTIVE  LAN6MUIR- 
BLODGETT  FILMS  COMPRISED  OF  POLY(3-BEXYL  THIOPHENE) 

AND  NICKEL  TETRA-TERT-BUTYL  PHTHALOCYANINE 

M.  Rikukawa  and  M.  F.  Rubner 
Department  of  Materials  Science  and  Engineering 
Massachusetts  Institute  of  Technology,  Cambridge,  MA  02139 

USA 

Mixed  Langmuir-Blodgett  films  containing  two  electroactive 
components,  poly (3-hexyl  thiophene)  and  nickel  tetra-tert- 
butyl  phthalocyanine,  have  been  prepared  and  characterized. 
In  this  system,  the  phthalocyanine  molecules  act  as  both  a 
surface  active  material  and  as  an  electroactive  material. 
Mixing  the  phthalocyanine  molecules  with  a  non-surface  active 
conducting  polymer  results  in  thin  films  with  novel  optical 
and  electrical  properties  and  enhanced  thermal  and  chemical 
stabilities.  Surface  pressure-area  isotherms  suggest  that 
the  phthalocyanine  molecules  are  stacked  parallel  to  the  air- 
water  interface  and  are  dispersed  as  a  separate  phase  in  a 
matrix  of  polythiophene  molecules.  The  structures  of  the 
multilayer  LB  films  fabricated  from  the  monolayers  of  this 
system  were  investigated  by  x-ray  diffraction, 
reflection/transmission  FTIR,  and  optical  absorption 
techniques.  Results  from  these  studies  indicate  that  the 
phthalocyanine  rings  retain  a  parallel  orientation  after 
monolayer  transfer.  The  conductivities  of  the  LB  films  doped 
with  oxidizing  agents  such  as  NOPFg,  SbCls,  and  I2  reached 
values  as  high  as  0.5  S/cm. 
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ELECTRICAL  TRANSPORT  PROPERTIES  OF  JOSBPH90N  JUNCTIONS  WITH  A 
Nb/Au/PI/(Pb-Bi)  STRUCTURE 

Tohru  KUBOTA,  Masami  WADA  and  Mitsumasa  IWAMOTO 
Hideyuki  NOSKIRO*  and  Matsuo  SEKINE* 

Department  of  Electrical  and  Electronic  Engineering, 

Tokyo  Institute  of  Technology, 

2-12-i,  O-okayama,  Meguro-ku,  Tokyo  152,  Japan 

*  Department,  of  Applied  Electronics, 

Tokyo  Institute  of  Technology, 

Nagatsuta,  Midori-ku,  Yokohama  227,  Japan 

The  LB  technique  is  an  important  method  nsed  to  prepare  ultrathin 

films.  One  of  the  potential  applications  of  LB  films  is  electrically 
insulating  sp’-oers  in  the  manufacture  of  Josephson  junctions,  where  it 
is  essential  to  prepare  pinhole-free  spacers.  Since  the  preparation  of 
polyimide  (PI)  LB  films'*,  having  the  monolayer  thickness  of  about  0.4 

rim,  with  a  small  nuiTibor  of  conducting  defects,  much  attention  has  been 
paid  to  the  PI  LB  films.  In  a  previous  report,  we  fabricated  tunnel 
junctions  having  the  structure  of  Au/PI/(Pb-Bi)  and  observed  the 
tunneling  current  predicted  by  the  BCS  theory*-®’.  However,  we  were  able 
to  fabricate  neither  Josephson  junctions  with  a  Nb/PI/(Pb-Bi) 
structure*’  nor  junctions  with  a  (Pb-Bi)/Pl/(Pb~Bi)  structure®’.  Because 
an  inherent  oxide  layer  was  formed  on  the  base-1^  electrode  or  the  base- 
<Pb-BD  electrode  was  dissolved  during  the  imidization.  In  this  work,  we 
formed  base-Nb/Au  electrodes  and  then  constructed  the  Nb/Au/PI/(Pb-Bi) 
Josephson  junctions  with  neither  the  presence  of  native  oxide  layers 

formed  on  the  Nb  layer  n<T  the  dissolution  of  tlie  base-Nb/Au  electrode 
during  the  imidization.  A  typical  I-V  characteristic  of  a  weakly -coupled 

superconductor  was  obtained  for  junctions  having  the  number  of  deposited 

layers  of  29,  41  and  51  in  the  presence  or  absence  of  microwave  powers 

with  a  frequency  of  70  GHz,  whereas  a  typical  I-V  characteristic  of  an 
ideal  tunnel-type  Josephson  junr^'  n  was  never  obtained.  It  was 

concluded  that  although  we  were  not  able  to  obtain  tunnel-type 
junction.',,  the  junctions  were  able  to  dettset  microwaves  with  a  high 
frequency,  e.g.,  0.35  THz.  Finally,  we  fabricated  Au/PI/(Pb-Bi) 

junctions  and  then  measured  the  JETS  spectra  of  the  junctions  in  order 
to  clarify  the  electrical  cond.stiion  mechanism  through  PI  LB  films. 
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ELECTROOXIDATION  OF  DIOCTADECYLTHIOETIIYLENEDITHIO- 
TETRATHIOFULVALENE  LANGMUIR-BIODGETT  FILMS 

.T  P.  MQRAND*.  L.  BRZEZINSKI*,  M.C.  LOPEZ*. 

*  Ecole  Nationale  Sup^rieure  de  Chimie  et  de  Physique  de  Bordeaux 
33405  TALENCE  CEDEX  (FRANCE) 

#  Universitad  de  Zaragoza.  Facultad  de  Ciencas  50009  ZARAGOZA  (SPAIi  ) 

Organic  conductors  in  Langmuir-Blodgett  films  (LB)  can  be  prepared 
in  two  steps  i)  deposition  of  the  amphiphilic  or  semiamphiphilic  compound 
onto  substrates,  ii)  chemical  oxydation  by  halogen  vapors  (ma:.nly  iodine 
gaz)  to  obtain  a  mixed  valence  state  responsible  for  the  conductive 
properties.  In  some  cases  as  for  diaDcylthioethylenedithiotetrathio- 
fulvalene  derivatives  a  third  thermal  step  is  necessary  to  achieve  the 
conductive  phase.  We  explore  on  the  diaoctadecylthioethylenedithio- 
tetrathiofulvalene  compound  (1)  an  electrochemical  way  to  obtain  directly 
the  conducting  phase. 

Experiments  have  been  carried  at  different  constant  potentials 
during  the  phase  deposition  onto  indium  tin  oxide  glass  electrodes  with  KI 
and  KBr  as  electrolytes.  Chloroform  spreading  solutions  with  various  molar 
fractions  of  X  and  behenic  acid  mixtures  have  been  used.  Amperometry 
measurements  and  UV, visible, IR  caracterizations  have  been  made. 

Two  different  electrooxidation  processes  have  been  found. i)  a  slow 
electron  transfer  from  i.to  the  electrode  at  potential  higher  than 
350mV/SC':  ii)  a  complete  chemical  oxidation  of  1  by  the  oxidized  anion 
produced  during  the  electrolyse  at  potential .values  for  which  the 
electrolyte  can  be  oxidized  (c.a.  450mV/SCE  for  KI)  Conductive  material  has 
been  obtained  only  with  potassium  iodide  electrolyte  at  higher  potential 
than  450  mV/SCE.  In  this  case  there  are  some  similitudes  with  chemical 
oxidation :i.e.  the  completely  ionized  brown  phase  is  obtained  directly 
during  the  electrolyse  and  then  a  thermal  treatment  leads  to  the  conducting 

purple  mixed  valence  state  associated  with  the  formation  of  ^3  chains. 


i  ;  n  -  n 
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ELECT^.OKIC  AND  OPTICAL  STUDIES  WITH  LB  TRANSISTORS 
j.  paloheinto,  H.  stubb  •and  P.  Yli-Lahti 

Seinicondu<!i;or  Laboratory,  Technical  Research  Centre  of  Finland, 
Otakaari  7B,  SF-02150  Espoo,  Finland 

P.  Dyreklev  and  O.  InganHs 

Department  of  Physics  and  Measurement  Technology,  IFM,  LinkOping 
.  Diversity,  S-58183  LinkOping,  Sweden 


A  thin  film  transistor  stxnicture  provides  an  accurate  way  to  measure  the 
charge  carrier  mobility,  their  type  (p  or  n  type  material)  and 
concentratxon  in  mono-  or  multilayer  LB  films^.  The  transistors  used 
here  have  channel  lengths  of  1,  5  and  10  pm.  :?e  have  characterized  LB 
monolayers  of  undoped  guinquethiophene  (QT)  and  poly ( 3-alkyl thiophenes ) 
(PAT)  mixed  with  arachidic  (AA)  or  stearic  acid  (SA).  QT-PAT 
heterostructure  FETs  are  also  being  studied.  The  mobilities  in  LB 
monolayers,  p  *■  10~^...10~®  cm^/Vs,  are  typically  several  orders  of 
magnitude  lower  than  in  thicker  films,  where  values  up  to  p  *  10 
cm^/vs  can  be  achieved.  The  reason  for  this  are  the  increasing  hopping 
distances  in  the  percolation  path  as  the  thickness  decreases  under  a 
certain  limit Another  feature  which  may  affect  the  charge  transport  is 
the  high  ratio  of  extra  holes  per  monomer  unit  in  monolayers  (up  to  one 
percent)  for  large  accumul.-ition  voltages.  -  The  mobilities  are  very  low 
compared  to  the  mobilities  ir  crystalline  silicon  or  gallium  arsenide 
<^^Si,GaAs  -  10^  cm2 /VS). 

In  addition  to  increasing  the  condudtan'  i  of  the  transistor  channel,  the 
extra  accumulated  holes  stored  in  the  polaronic  states  may  act  as 
recombination  centers  for  excitons^.  The  transistor  strr.cture  here  acts 
as  a  luminescence  quenching  device.  The  films  studied  were  undoped  spin- 
coated  poly(3-hexylthiophene)  (PUT)  films  (thickness  ad>out  70  nm)  and 
PHT/AA  LB  films  having  3  or  7  layers.  Excitons  were  photoexcited  by  an 
argon  laser.  The  luioinescence  quenching  by  the  gate  voltage  was  clearly 
seen  in  LB  and  spin-coated  films.  The  quenching  was  a  few  tens  of 
percents  for  LB  films,  considerably  less  for  spin-coated  films. 


1.  J.  Paloheijno  et  al.,  Appl.  Phys.  Lett.  56  (1990)  1157. 

•'.  P.  Dyreklctv  et  al.,  to  appear  in  Proc.  International  Hinterschool 
on  Electronic  Properties  of  Polymers  (IWEPP  91),  9. -IC. 3. 1991, 
Kirchberg,  Austria. 
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MONOLAYER  CHARACTERISATION  AND  MULTILAYER  DEPOSITION  OF  CONDUCTING 

LB  FILMS 

D.  M.  Taylor.  S.K. Gupta,  A. E. Underhill  and  C,  E.  Wainwright 
Institute  of  Molecular  and  Biomolecular  Electronics 
University  of  Wales 

Dean  Street,  Bangor,  Gwynedd  LL57  lUT,  UK 
Background  and  Methods 

Conductive  LB  films  of  high  dimensionality  should  overcome  the  problem  of 
stacking  defects  and  the  Peierls  instability.  In  a  recent  report,  Nakamura 
et  al  (1]  have  reported  that  the  LB  technique  may  be  used  to  deposit  films 
of  the  mixed-valence  complex  of  (C  H  )  Me  N-Ni{dmit)  (Scheme  1)  where  n 

n  2n+l  22  2 

=  10,  12,  14,  16,  18  and  22. 


CnH2n.l'^'Mc  JCc/^ 


Scheme  1_ 

The  conductivity  of  these  films  is  governed  by  the  strong  two-dimensional 
interaction  of  the  sulphur  orbitals  and  on  exposure  to  bromine  gas  films 
with  conductivity  as  high  as  0.1  S/cm  have  been  prepared. 


related 


been 


characterising 


divalent 


didodecyldimethylammonium  salts  of  M(dmit)^  and  MCmnt)^  where  M  =  Ni,  Pd  or 

Pt.  Spreading  solutions  of  these  salts  were  prepared  in  chloroform  and 
monolayers  formed  on  the  surface  of  pure  water  in  a  PTFE  Langmuir  trough 
located  on  ar  antivibration  table  in  a  Class  2  semiconductor  clean  room. 
Pure  water  was  obtained  from  a  Millipore  RO  60  reverse  osmosis  cartridge 
feeding  a  SuperQ  system  consisting  of  activated  carbon,  deioniser  and  0.2pm 
filter  cartridges.  Surface  pressure  and  surface  potential  isotherms  were 
obtained  for  the  monolayers  at  various  subphase  temperatures.. 

Figure  1  shows  typical  n-A  isotherms  for  Ni  and  Pt  dmit^  at  15®C.,  It  is 

seen  that  the  isotherms  obtained  for  the  Ni  salt  depend  on  the  time  which 

elapses  between  the  spreading  of  the  monolayer  and  the  first  compression.. 

After  allowing  an  hour  for  complete  spreading  of  the  layer,  the  isotherm  is 

similar  to  those  obtained  for  the  Pt  and  Pd  salts.  When  the  subphase 

temperature  is  raised  to  25®C  even  the  Ni  isotherm  reaches  a  steady  state 

within  a  few  minutes  of  spreading.  Similar  results  were  obtained  with  the 

mnt  salts. 

2 

Figure  2  shows  the  surface  potential  of  a  deposited  monolayer  of  Nimnt^. 

The  step  change  in  potential  as  the  probe  passes  over  the  monolayer  is 
clearly  visible.;  (Each  curve  represents  different  scan  lines  over  the 
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PHOTO-INDUCED  ELECTRON  TRANSFER  IN  MOLECULAR  HETEROJUNCTION 
USING  FLAVIN-PORPHYRIN  LB  MULTILAYERS 
SATORU  I SODA.  SATOSHI  UEYAMA,  YOSHIO  HANAZATO,  HIROAKI  KAWAKUBO 
AND  MITSUO  MAEDA 

CENTRAL  RESEARCH  LABORATORY,  MITSUBISHI  ELECTRIC  CORPORATION 

8-1-1  TSUKAGUCHI-HONMACHI,  AMAGASAKI ,  HYOGO  661,  JAPAN 

Photo- induced  electron  transfer  in  hetero-type  Langmuir- 
Blodgett  (LB)  multilayers  using  flavin  and  porphyrin,  which  are 
typical  of  redox  groups  for  the  biological  electron  transfer 
system,  was  investigated  in  terms  of  photoconductivity,  photovol¬ 
taic  effect,  and  transient  photocurrent  properties. 

The  photocurrent  for  aluminium//flavin  monolayers/porphyrin 
monolayersZ/aluminium  structures  showed  clear  rectifying  behavior 
and  the  quantum  efficiency  of  the  photoconduction  was  found  to  be 
extremely  high  in  the  range  from  5  to  30  X  for  the  transmitted 
monochromatic  light  at  450  nm.  The  rectifying  I-V  properties  and 
Voo  around  -0.6  V,  which  are  the  characteristics  for  the  single¬ 
heterojunction  structures,  were  not  observed  for  the  multiple- 
hetero junction  structures  (aluminium// (flavin  monolayers/porphy¬ 
rin  monolayers ) n//aluminium,  n  2  2).  This  result  means  that 
internal  potential  gradient  in  the  MIM  (Metal-Insulator-Metal ) 
device  is  apparently  diminished  by  the  formation  of  the  multiple 
heteroj unction.  Furthermore,  the  measurement  of  the  transient 
photocurrent  of  the  single-heterojunction  MIM  device  showed  that 
three  photo-processes  are  involved  in  the  photo-induced  electron 
transfer.  These  photo-processes  were  found  to  be  basically 
elucidated  by  a  kinetic  model  of  relaxation  of  the  photo-excited 
flavin. 

It  is  concluded  from  these  results  that  the  photocurrent  of 
the  single-heterojunction  MIM  device  originates  from  the  molecu¬ 
lar  heteroj unction  between  flavin  and  porphyrin. 
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CCMRCL  OF  HmX3ffl!ICaL  SWITCHENS  PHENOMENA.  BY  CHEMICAL  fODIFICATIQN 

Hijoaki  Tachitana»  Yoshitaka  Nlshio"^,  Takayoshi  NaJcanura, 
^tsizyoshi  MatsumotX),  Eiichizo  Man^,  Hixcyuki  Niino, 

Akiza  Yabe,  and  Yasujixo  KaMabata 

National  Chanical  laboratory  fc .  Industry/ 

Tsukuba,  Ibara}d.  305, 

langmuir-Blodgett  (Ifi)  tedhnique  is  excellent  in  preparing  organic 
thin  films.  Various  fun^ons  of  LB  films  have  been  de\^c^ed;  iKinlinear 
qptical  effects,  photociuxiniem,  electrical  conduction  etc.  A  switching 
d^ce  is  fabricate  by  the  incorporation  of  tltree  function2d.  parts  into  a 
molecule,  consisting  of  a  switdiing  unit,  a  transmission  unit,  and  a 
working  unit.  Khen  the  switching  unit  receives  an  external  stimulus,  the 
signed  is  oenveyed  through  the  transmission  unit  to  the  working  unit  tMch 
responds  to  the  signal.  For  photochenical  switching  devices,  photochrcmic 
compounds  can  be  used  as  the  switching  unit,  taking  adv^tage  of  the 
photoresponsiveness . 


CH3(CH2)m-l-^N=N-^0(CH2)n-N^(TCNa)2 


APT  (  m  •  n  ) 


We  have  used  azobenzene  as  the  switching  unit,  alkyl  chain  as  the 
transmission  unit,  and  charge  transfer  cxiip>lex  as  the  working  unit, 
demonstrating  that  the  conductivity  of  I£  films  of  AFr(8-12)  changes 
reversibly  on  photoirradiation. Ihe  conductivity  increases  with  the 
trans-to-Kds  photoisanerization  of  azobenzene  and  reverts  to  the  initial 
state  with  che  cis-to-trans  photoisemerization. 

In  this  work,  we  investigate  the  effect  of  chemical  modification  on 
the  photochemical  switching  phencraena.  Ohe  length  of  alJ^l  chain  of  the 
transmission  unit  is  chwged  in  the  first  step.  The  photochemical 
switching  phencmena  are  very  sensitive  to  this  chemical  modification,  that 
is,  the  conversion  of  the  trans>to>ci8  photoisemerization  of  azobenzene 
and  the  sisultaneous  change  in  conductivity  of  the  LB  film  d^end  largely 
on  the  length  of  the  tzanamission  unit.  For  all  the  oenpounds  studied,  the 
azobenzene  shows  reversible  photoisomerization  with  the  conversion 
df^endent  on  the  length  of  the  alkyl  diain.  When  the  alkyl  chain  is  long 
enough,  the  conductivity  of  the  I£  film  doesn't  change  reversibly  on 
photoirradi  ation  although  the  ds-trans  photoisomerization  of  2izobenzene 
is  observed. 

*Gn  leave  of  abeenoe  fzem  SANYO  Electric  Co. ,  Hizakata,  Osaka  573,  JAPAN 

1.  H.Tachibana,  T.Nakanuza,  M.llatsumoto,  H.Kcmizu,  E.Manda,  H.Niino, 
A.Yabe,  and  Y.Kawabata,  J.Am.Chasi.Soc.,  Ill,  3080(1989). 

2.  H.Tachibana,  A.Goto,  T.Nakanuza,  M.Matsumoto,  E.Manda,  H.Niino,  A.Yabe, 
and  Y.Rawabata,  Ihin  Solid  Films,  179,  207(1989). 
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PREPARATION  OF  POLYIM.-DE  LB  FILMS  POSSESSING 
TRIPHENYLAMINE  UNIT  AND  APPLICATION  TO  PHOTODIODES 

S.  Fukui.  Y.  Nishikata,  M.  Kakimoto,  Y.  Imai, 

K-  Nishiyama,*  and  M.  Fujihira* 

Department  of  Organic  and  Polymeric  Materials 
'Department  of  Biomolecular  Engineering 
Tokyo  institute  of  Technology.  Meguro-ku,  Tokyo  152,  Japan 

We  have  reported  that  preparation  and  applications  of  polyimide  LB 
films.  The  most  characteristic  point  of  the  polyimide  LB  films  is  that 
they  do  not  have  long  alkyl  chains.  Photoconductive  devices 
(photodiodes)  were  successfully  constructed  by  depositing  polyimide  LB 
films  which  possessed  different  chemical  structure,  i.e.,  electron  acceptor 
(A),  sensitizer  (s),  and  electron  donor  (D)  moieties.[l]  In  this  study,  a 
novel  photoconductive  devices  were  fabricated  by  using  triphenylamine 
units  as  D  (la-d).  tetraphenylporphyrin  moiety  as  S  (2),  and  aromatic 
polyimide  (3)  as  A. 


Two  type  of  the  photoconductive  devices  having  D/S/A  and  A/S/D 
structure  were  prepared  on  the  gold  semitransparent  electrode.  A  ex¬ 
ample  of  the  photocurrents  in  A/S/D  system  observed  by  stepped  il¬ 
lumination  with  the  visible  light  of  430  nm  are  plotted  as  the  function  of 
the  applied  electrode  potential  in  Fig.  I.  Extremely  high  photocurrents 
depending  on  the  chemical  structure  of  D  were  observed.  This 
phenomena  is  probably  explained  because  of  the  absence  of  the  long 
alkylchain. 

[I!  Y.  Nishikata,  A.  Morikawa,  M.  Kakimoto,  Y.  Imai,  Y.  Hirata,  K. 

Nishiyama,  M.  Fujihira,  J.  Chem.  Soc.,  Chem.  Commun.,  1989.  1772 
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THE  SYNTHESIS  AND  CHARACTERISATION  OF  NOVEL  POLYSILOXANE 

LANGMUIR-BLODGETT  FILMS. 

T.  Richardson  and  G.G.  Roberts 

Department  of  Engineering  Science,  University  of  Oxford,  Parks 
Road,  Oxford,  0X1  3PJ,  U.K. 

S.  Holder  and  D.  Lacey 

School  of  Chemistry,  University  of  Hull,  Hull,  HU6  7RX,  U.K. 

A  great  deal  of  effort  in  previous  years  has  been  directed  at  the  study 
of  a  wide  range  of  monmeric  materials  for  Langmuir-Blodgett  (LB)  film 
deposition.  More  recently,  however,  many  researchers  have  directed  their 
attention  towards  polymeric  materials  since  such  coit^>ounds  offer  potentially 
improved  thermal  and  mechanical  stability,  and  are  therefore  more  attractive 
to  the  device  engineer.  In  this  work,  several  polymers,  based  on  a 
polysiloxane  backbone,  have  been  synthesised  and  characterised. 

This  work  describes  the  synthesis  and  characterisation  of  a  poly 
(hydrogenmethylsiloxane)  homopolymer  and  a  poly  (hydrogenmethyl- 
dimethylsiloxane  )  copclymer  both  substituted  with  an  aliphatic  acid  group. 
Their  surface  pressure  -  area  isotherms  and  deposition  characteristics  have 
been  examined..  Excellent  agreement  has  been  found  between  the  measured  area 
per  polymer  unit  on  the  water  surface  and  the  modelled  value.  In  addition,  a 
range  of  optical  and  electrical  characterisation  techniques  have  been  used  to 
elucidate  some  of  their  thin  film  properties.  For  example,  dielectric  loss 
tangents  and  relative  permittivies  have  been  measured  as  well  as  a  study  of 
their  pyroelectrical  properties.  Some  structural  characterisation  has  also 
begun . 


Homopolymer 


Copolymer 


R  *  CH=CH2 (CH2) gC02H 
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MOLECULAR  ORIENTATION  IN  CONDUCTIVE  LANGMUIR- 
BLODGETT  FILMS  OF  A  CHARGE-TRANSFER  COMPLEX 

Keiichi  Ikegami.  Shin-ichi  Kuroda,  Yuka  Tabe,  Kazuhiro  Saito,  Mitsuyoshi 
Saito,  Michio  Sugi,  Takayoshi  Nakamura,*  Hiroaki  Tachibana,* 
Mutsuyoshi  Matsumoto,*  and  Yasujiro  Kawabata* 
'ECectrotecfinicaC  LaBoratory,  njukySa,  iBaral^  30$, 

*9(ationcU  CftemiccU  LaBoratory  for  Industry,  'IsuS^a,  iBara^  305, 

In  recent  years  Langmuir-Blodgett  (LB)  films  of  charge-transfer  (CT) 
complexes  have  attracted  increasing  attention.''*'^  We  have  been  investigating 
conductive  LB  films  of  a  3:2  CT  complex  of  TMTTF  and  tetradecylTCNQ  by  using 
the  electron  spin  resonance  (ESR)  technique.^  Both  in-plane  and  out-of-plane 
anisotropies  in  the  ESR  signal  were  detected  for  the  films.  Anomaly  of  g  value, 
iinewidth,  and  spin  susceptibility  around  150  K  was  detected,  which  suggest  the 
Peierls  fluctuations  characteristic  of  ID  metaliic  domain. 

The  minimum  g  value  at  the  room  temperature  (RT)  was  observed  for  the 
external  magnetic  field  parallel  to  the  dipping  direction  of  the  substrates.^  We  have 
found  that  this  in-plane  anisotropy  of  g  value  gradually  increased  for  about  10  days 
while  they  were  kept  in  He  atmosphere  at  RT  after  the  deposition.  In  this  period  of 
time  the  increase  in  the  conductivity  of  the  films  was  also  detected.  Moreover,  the 
maximum  of  the  temperature-dependent  g  value  around  150  K  was  more 
prom.inent  for  those  aged  films  than  for  the  as-deposited  films.  These  suggest  the 
lower  degree  of  the  misorientation  of  molecules  in  the  aged  films  caused  by  the 
possible  molecular  rearrangements. 

An  inversion  of  the  g-value  anisotropy  was  detected  at  lower  temperatures 
for  as-deposited  films.  A  similar  phenomenon  was  reported  for  EDTTTF(S-Ci8)2- 
TCNQF4  films.6  This  inversion  can  be  caused  by  the  domination  of  signals  of  the 
spins  trapped  at  defect  sites,  where  molecuies  may  be  misoriented  and  provide 
different  g  value  from  the  major  part  of  the  system.  This  interpretation  is  supported 
by  the  fact  that  the  inversion  was  not  observed  for  the  aged  films,  in  which  the 
reduction  of  the  degree  of  the  misorientation  is  suggested. 

1.  A.  Ruaudel-Texier  etai,  Mol.  Cryst.  Liq.  Cryst.,  120  (1985)  319. 

2.  A.  Barraud  etai.  Thin  Solid  Films,  134  (1985)  195. 

3.  T.  Nakamura  eta!.,  Chem.  Lett.,  (1986)  709. 

4.  M.  Matsumoto  etai,  Thin  Solid  Films,  160  (1988)  61. 

5.,  K.  Ikegami  et  ai,  Synth.  Met.,  27  (1988)  B587:  Thin  Solid  Films,  179  (1989)  182. 
6.  J.P.:  Morand  etai,  Synth.  Met.,  27  (1988)  B569. 
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Electxrmc  transpo]±  in  Langnaiir-Blodgett 
films  of  inBtal-(dmit)2 

Yamihim  F.  Miura^^  MitsuTu  TSaksnaga^,  Akinari  Kasai^,  . 

IBakayoshi  Nakamura^,  Natsi^shi  Matsumoto^,  and  Yasujiro  Ksmabata'^ 

^D^artment  of  i^lied  Hiysics,  Faculty  of  Science, 

Science  University  of  Ho)^,  1-3  Kagurazaka,  Shinjuku, 

Tdl^  162,  Ja]^ 

^National  Chenucal  Laboratory  for  Industry,  Higashi,  Tsukuba, 

IbaraJdL  305,  Japan 

The  inBted-(dnu.t)2  (H2dmit  *®4,5Klinerce5Jto-l,3Hlithiol-2-thione) 
molecules  form  "more-than-lO"  conductors  through  their  close  intennolecular 
S. .  .S  contacts,  exhibiting  metallic  states  dCMn  to  low  tenqperatures  and 
superconductivities.  By  introducing  aU^lanmoonium  gzoiqp  as  a  counter  cation, 
the  molecules  became  anphiphilic  and  suitable  for  the  fabrication  of  LB 
films.  Tfe  have  r^iorted  conductive  Ifi  films  based  on  various  kinds  of  metal- 
(dmit)2  ccmplexes.  One  of  these  systems,  tridecylmethylamaKrdtmHAu(dn^ 
(Fig.l,  3C10-AU),  shows  hig^i  conductivity  of  30-50  S/cm  at  room  taiperature. 

To  investigate  the  electronic  transport  properties  of  the  3C10-AU  LB 
films  more  precisely,  vie  examine  the  theomoelectric  pcx^r  together  with  dc 
conductivity.  Ihe  tenperature  d^iendenoe  of  the  OQn±ictivity  have  a  broad 
naximum  around  200  K;  the  conductivity  increases  with  decreeusing  tenperature 
from  room  taiperature  to  200  K,  showing  a  quasi-metallic  behavior,  and 
decreases  below  that  tenperature  down  to  around  4  K.  Ihe  thermoelectric 
power  is  positive  and  in  the  range  10-25  ^V/K  at  room  tenperature.  Ohe 
tenperature  dependence  of  the  thermoelectric  power  exhibits  metal-like 
behavior  over  the  tenperature  range  from  300  to  4  K;  the  value  decreases 
with  decreasing  tenperature.  Ihe  small  magnitude  of  the  thezmoelectric  power 
and  the  tenperature  dependence  suggest  that  the  I£  film  is  met£il-llke. 

We  consider  that  the  broad  maximum  of  the  conductivity  is  not  by  the 
transition  of  Peierls  type,  but  rather  due  to  carrier  localization,  possibly 
due  to  random  potentials  set  up  by  disorders  such  as  grain  boundaries  or 
defects.  In  fact,  the  peak  of  the  conductivity  is  not  acconpanied  by  the 
corresponding  transition  in  thermoelectric  power  that  vrould  be  expecrt^i  if 
the  transition  were  due  to  the  opening  of  a  gap  at  the  Fermi  energy. 
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Fig.l  Molecular  structure  of  tridecylmethylamnrDnium-Au(drait)2 
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'SUPERLATTICES'  PREPARED  FROM  DIELECTRIC 
AND  TWO-COMPONENT  CONDUCTING  LB  LAYERS 

T.S.  Berzina,  L.  A.  Feigin’,  R.  Micheletto=,  F.  Rust i chel 1 i 
V. I .  Tro 1 tsky,  S. L.  Vorobyova  and  L. G.  Yanusova’ 
Research  Institute  of  Physical  Problems,  103460  Moscow,  USSR 
'Institute  of  Crystallography,  Academy  of  Sciences  of  the 
USSR,  Leninsky  pr.  ,  59,  1  17333  Moscow,  USSR 

^University  of  Ancona,  Via  Ranieri,  60131  Ancona,  Italy 

Discovery  of  conductance  in  LB  films  gives  alluring  pros¬ 
pects  for  creation  of  new  molecular  assemblies.  The  deposition 
of  the  films  with  desired  distribution  of  thin  conducting  and 
dielectric  layers  along  the  perpendicular  to  the  substrate 
plane  seems  to  be  a  substantial  step  on  a  way  to  ' nanoelectro¬ 
nics  '.  However  ,  experimental  evidence  of  existence  of  a  precise 
lamellar  order  in  the  'superlattices'  containing  layers  of 
charge- transf er  complexes  and  salts  was  absent. 

Preparation  of  the  'superlattices'  using  these  compounds 
for  depositing  of  conducting  areas  appeared  to  be  a  difficult 
problem.  We  tried  to  prepare  the  films  with  different  sequences 
of  alternation  of  dielectric  (D)  and  conducting  (C)  bilayers. 
The  programs  of  alternation  were  the  following;  DCDCDC.  ., ,  ,  DDC 
DDCDDC. . . ,  DCCDCCDCC. . . ,  DCCCDCCC. . . ,  and  DDCCDDCC. . .  .  Barium 
behenate  and  stearate  layers  were  used  as  dielectrics.  Hexade- 
cy 1 b i s ( ethy 1 enedi th I o) tetrath i af ul vai ene  (Cie-BEDT-TTF)  and 
hexadecy 1  ethyl enedi th i opropyl enedi th i otetrath i af  ul val ene  (C»e- 
EDT-PDT-TTF)  as  well  as  the  mixtures  of  the  letters  with  hexa- 
decyl tetracyanoquinodimethane  (Cio-TCNQ)  and  2-heptadecaoxy- 
carbony I tetracyanoanthraquinodimethane  (Cir-OC-TCNAQ)  were  de¬ 
posited  to  obtain  conducting  areas.  We  investigated  the  films 
by  electron  microscopy.  X-ray,  and  electron  diffraction  tech¬ 
niques.  Conductance  of  tne  samples  was  checked  also.. 

One-component  C»6-BEDT-TTF  and  Ci o-EDT-PDT-TTF  conducting 
films  possess  a  crystalline  order  in  the  direction  normal  to 
the  film  plane..  But  no  Bragg  reflections  appear  on  the  X-ray 
diffraction  patterns  of  'superl  att  i  ces ''  containing  these  mono- 
layers.  Nevertheless,  the  doped  films  show  high  conductivity. 
These  results  are  explained  by  poor  spreading  of  conducting 
monolayers.  For  this  reason  the  mean  thickness  of  the  layer, 
which  is  deposited  in  one  dipping  process,  is  more  than  that 
of  one  monolayer,  and  periodic  structure  does  not  arise. 

Diffraction  patterns  of  the  ' super  I att i ces '  produced  from 
the  fatty  acid  salts  and  two-component  mixtures  of  Ci«-BEDT- 
TTF  or  Cift-EDT-PDT-TTF  with  Cio-TCNQ  do  not  show  reflections 
also.  This  is  caused  by  recrystal  1  i zat i on  of  conducting  layer 
on  the  substrate  when  deposition  of  dielectric  is  carried  out. 

Experiments  on  the  preparation  of  ' super  1  at t i ces '  appeared 
to  be  successful  when  the  mixtures  of  Cte-BEDT-TTF  or  Cie-EDT- 
PDT  fTF  with  Cir-OC-TCNAQ  were  used  to  form  conducting  areas. 
One  crystalline  structure  arises  for  any  sequence  of  layer  al¬ 
ternation  if  optimum  compositions  of  components  and  the  best 
conditions  of  deposition  are  used.  But  additional  reflections 
appear  on  the  diffraction  patterns  under  some  variations  of 
these  parameters.  However,  these  additional  reflections  do  not 
correspond  to  crystalline  structures  of  the  components  used.. 
Po-ssible  variants  of  structure  change  are  discussed. 
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IDENTIFICATION  OF  THE  PROCESS  PRODUCING  OBSERVED 
RECTIFYING  CHARACTERISTICS  OF  M/LB/Ivl  STRUCTURES 

A.S.  Martin,  and  J.R.  S ambles 

Department  of  Physics,  The  University  of  Exeter,  Stocker  Road, 

Exeter,  Devon  EX4  4QL,  UK 

G.J.  Ashwell 

Centre  for  Molecular  Electronics,  Cranfield  Institute  of  Technology, 

Cranfield,  Bedford  MK43  OAL,  UK 

The  Langmuir-Blodgett  (LB)  technique  has  been  employed  in  the  fabrication  of 
M1/C16H33-Q3CNQ  LB  film/Mj  structures  which  have  exhibited  rectifying  properties 
even  when  the  LB  film  thickness  was  a  single  monolayer  by  ourselves  [1]  and  using 
DDOP-C-BHTCNQ  by  Geddes  et  al  [2].  The  process  responsible  for  the  asymmetric 
I/V  curves  hcis  not  yet  been  unambiguously  attributed  to  the  intrinsic  properties  of 
the  LB  molecule.  There  exist  several  possible  explanations  which  do  not  require  the 
process  to  be  molecular  in  origin.  It  has  been  suggested  that  thermal  evaporation  of  the 
electrode  M2,  in  this  case  magnesium,  being  highly  reactive  may  modify  the  LB  film 
producing  diodic,  chairacteristics.  The  permanent  molecular  dipole  moment  or  Schottky 
processes  at  the  electrodes  are  also  p  jssible  explanations  for  the  rectification.  The 
results  obtained  so  far  with  these  organic  layers,  supporting  E  fields  of  order  10®Vm~^, 
are  extraordinary  and  clearly  need  detailed  study. 

We  are  currently  performing  experiments  to  help  to  clarify  the  roles  of  the  vari¬ 
ous  possible  mechanisms.  In  particular,  we  are  endeavouring  to  ascertain  whether  the 
observed  asymmetric  I/V  curves  are  a  result  of  “molecular  rectification”  or  purely  due 
to  “bulk”  processes  arising  from  device  construction.  This  shedl  be  accomplished  using 
inert  LB  film  spacer  layers  between  each  electrode  and  the  active  LB  layer  thus  elimi¬ 
nating  both  chemical  interactions  with  magnesium  vapour  and  interfacial  effects  at  the 
electrodes.  Retaining  I/V  curve  asymmetry  in  such  a  device  will  demonstrate  that  the 
rectification  is  molecular  in  origin..  It  may  prove  possible  to  reverse  the  orientation  of 
the  active  LB  film  in  which  case  rectification  should  be  observed  imder  opposite  polarity. 
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CONDUCTING  LB  FILMS  OF  NEW  TETRATH I AFULVALENE  DERIVATIVES 

T.G.  Berzina,  V.  Yu.  Khodorkovsky’,  O.Ya.  Nei  lands* 
and  V. I .  Tro i tsky 

Research  Institute  of  Physical  Problems,  103460  Moscow,  USSR 
*Rigas  Pol y techn i cal  University,  Azenes  14,  226048  Riga,  USSR 

To  determine  the  influence  of  some  molecular  structure 
variations  on  the  properties  of  conducting  Langmu i r-Bl odgett 
films  we  synthesized  new  surfactant  derivatives  of  tetrathia- 
fulvalene  i.e.  hexadecylethylenedithiopropylenedithiotetra- 
th 1 af ul val ene  ( hexadecy 1 -EDT-PDT-TTF)  and  hexadecy 1 ethy 1 enedi - 
th i ooxapropyl enedi th i otetrath i af ul val ene  ( hexadecy 1 -EDT-OPDT- 
TTF) .  In  the  first  place  monolayers  of  these  donor  molecules 
at  the  air-water  interface  were  studied.  Then  the  deposition 
of  multilayers  was  carried  out.  To  characterize  morphology  and 
structure  of  the  films  we  fulfilled  their  investigations  by 
electron  diffraction  and  electron  microscopy  techniques.  Con¬ 
ductivity  of  the  films  was  estimated  before  and  after  doping 
by  iodine.  The  films  of  hexadecy 1 b i s ( eth> i enedi th i o) tetrath i a- 
fulvalene  ( hexadecy 1 -BEDT-TTF)  [1]  were  studied  also  to  under¬ 
stand  the  tendency  of  change  of  the  properties. 


Characteristics  of  the  monolayers  on  a  water  surface  and 
the  multilayers  deposited  on  solid  substrates  are  outlined  by 
data  presented  in  the  Table. _ _ 


Compound 

Hexadecy 1  - 
BEDT-TTF  i 

1  Hexadecy 1  - 
i  EDT-PDT-TTF 

Hexadecy 1  - 
EDT-OPDT-TTF 

Area  per  molecule  (nm®) 

0.31 

0.  33 

0.  32 

Collapse  pressure  (mN/m) 
Conductivity  (Ohm"‘cm"’) 

32 

1 

1 

24 

27 

before  doping 

110-3-5.  ,o-=» 

\z-  lO-^-lO-^ 

2  10-**-7-  lO--* 

after  doping  * 

Dimensions  of  crystal- 

!  0.  1-0.5  1 

1  : 

i  0.04-0.2 

10-  =  -5-  10-=* 

1 1 tes  ( nm) 

100-200  > 

1  20-30 

i  10-20 

Conductivity  is  attributed  only  to  conducting  areas. 


The  films  of  hexadecy 1 -BEDT-TTF  possess  the  best  conduc¬ 
tivity.  But  in  .1  day  approximately  they  undergo  a  recrystal  li- 
zation.  On  the  other  hand,  the  multilayers  of  hexadecy 1 -EDT- 
PDT-TTF  have  the  best  morphology,  and  nothing  happens  with  the 
films  during  one  month  at  least,.  Bad  quality  of  deposition  of 
the  hexadecy 1 -EDT-OPDT'TTF  film  is  explained  by  high  viscosity 
of  the  monolayer  at  the  air-water  interface., 

Our  study  shows  that  the  values  of  conductivity  depend 
strongly  on  the  in-plane  dimensions  of  crystallites.  This  re¬ 
sult.  confirms  the  conclusion  [2]  that  a  contribution  of  grain 
boundaries  into  resistance  of  the  conducting  Langmuir-Bl odgett 
films  is  considerable.  Possible  reasons  of  difference  of 
another  properties  are  also  discussed. 

Patterns  in  the  conducting  films  were  drawn  by  electron 
beam.  Conductivity  disappears  under  irradiation,  but  no  dete¬ 
rioration  of  film  morphology  takes  place.  The  sensitivity  of 
the  films  to  the  action  of  electrons  ic  determined. 
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MOLECULAR  ORIENTATION-PYROELECTRICITY 
RELATIONSHIPS  IN  ALTERNATE  LB  FILMS 

Tohru  Takenaka,  Toshihide  Kamata,  Junzo  Umemura,  and  Naokazu  Koizumi 
Institute  for  Chemical  Research,  Kyoto  University 
Uji,  Kyoto-Fu  611,  Japan 

Relationships  between  molecular  orientation  and  pyroelectricity  in 
alternate  LB  films  consisting  of  5-(p-dodecyloxyphenyl)  pyrazine-2- 
carboxylic  acid  and  deuterated  stearic  acid  were  investigated.  The  same 
studies  were  also  performed  for  the  corresponding  alternate  LB  films  of 
their  barium  salts. 

Pyroelectricity  of  the  films  was  measured  by  a  static  method  in  the 

temperature  range  from  -30  to  60  °C.  The  maximum  values  of  pyroelectric 

coefficient  due  to  a  decay  of  the  spontaneous  polarization  were  obtained 
-2  -1 

to  be  1.2pCra  K  at  37  °C  for  the  acid  alternate  film,  and  1.8  PC 
-2  -1 

m  K  at  43  “C  for  the  barium  salt  alternate  film.  Rapid  increases  of 
positive  currents  due  to  a  depolarization  in  the  films  were  observed 
bove  50  ®C. 

The  molecular  orientation  in  the  films  was  evaluated  by  our  new 
method^^  involving  FT-IR  transmission  and  reflection-absorption  spec¬ 
troscopy.  Temperature  dependence  of  the  orientation  angles  of  the 
hydrocarbon  chain  axes  of  the  constituent  molecules  indicates  that  the 
depolarization  is  due  to  the  conformational  disorder  of  the  hydrocarbon 
chains.  Temperature  dependence  of  the  antisymmetric  and  symmetric  COO 
stretching  frequencies  of  the  barium  salt  film  suggests  that  the  spon¬ 
taneous  polarization  is  ascribed  mainly  to  a  structure  modification  of 
the  carboxylate  groups.  Furthermore,  it  is  concluded  that  the  alternate 
films  with  the  more  highly  oriented  molecules  give  the  larger  pyroelec¬ 
tricity,  and  chat  if  the  molecular  orientations  are  in  the  same  order, 
the  acid  alternate  films  have  larger  pyroelectricity  than  the  corre¬ 
sponding  barium  salt  alternate  films.  The  latter  finding  may  be  due  to 
weaker  intermolecular  interaction  in  the  acid  films  than  in  the  barium 
salt  films. 

1)  J.  Umemura,  T.  Kamata,  T.  Kawai,  and  T.  Takenaka,  J.  Phys.  Chem. , 
1990,  94,  62. 


DP20 


PYROELECTRxC  BEHAVIOUR  OF  SYNTHETIC 
BIOMEMBRANE  STRUCTURES 

M.  Petty*.  M.  C.  Petty*,  J.  Tsibouklis"'*’,  W.  J.  Feast**, 

Y.  Song*'**  and  J.  Yarwood^ 

*M;.lecular  Electronics  Research  Group, 

School  of  Engineering  and  Applied  Science, 

University  of  Durham,  South  Road,  I^rham,  DHl  3LE,  U.K. 
department  of  Chemistry,  University  of  Durham, 

South  Road,  Durham,  DHl  3LE,  U.K. 

It  is  now  well  established  that  the  spontaneous  electrical  polarisation 
of  certain  alternate-layer  Langmuir-Blodgett  (LB)  films  is  temperature 
dependent;  the  films  therefore  exhibit  pyroelectricity^"*.  Much  of  the 
previous  work  has  concentrated  upon  acid/amine  and  acid/aniline  systems.  We 
now  report  preliminary  attempts  to  produce  pyroelectric  films  containing 
biological  molecules. 

Initial  studies  have  concentrated  upon  phosphatidi-  acid  and 
phosphotidyl  serine  monolayers  alternated  with  1-docosylamine .  The  structure 
of  these  films  has  been  investigated  using  infrared  spectroscopy. 
Pyroelect'ic  coefficients  measured  by  the  static  technique  (-0.9  pCrr^K"^)  were 
comparable  to  those  of  other  LB  structures*.  Relative  permittivity  and 
dielectric  loss  data  for  these  films  are  typically  3.09  -  3.05  and  0.005  - 
0.003,  respectively,  in  the  range  10  Hz  to  lOOkHz,  see  Figure  1.  This  gives 
a  pyroelectric  tic;ure  of  merit,  p/e^,  of  0.29  The  effect  of 

alternating  these  phospholipids  materials  with  other  phospholipids,  e.g. 
phosphotidyl  ethanolamine,  instead  of  1-docosylamine  will  also  be  reported. 


Figure  1.  Relative  permittivity  and  dielectric  loss  data  for  a  phosphacidic 
acid  dipalmitoyl/l-docosylamine  film. 
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THE  QTS  STUDIES  ON 
METAL  /  LB  FILM  /  GaAs  STRUCTURES 

Barancok  D.,  Cira<  J..  HaluSka  M.,  TonCil:  P. 

Dept,  of  Physics,  Faculty  of  Electr.  Engineering,  Slovak  Technical 
University,  Bratislava,  Czechoslovakia 

The  metal  -  insulator  -  semiconductor  (MIS)  structure  is  fundamental 

for  Lhe  characterization  of  the  insulating  layer  and  the  semiconductor  - 

insulator  interface.  Incorporation  of  Langmuir  -  Blodgett  (LB)  multilayers 

in  these  structures  is  also  interei  ting  from  the  view  point  of  possible 

applications  based  on  field  effec"  transistor  configuration,  especially 

in  the  case  of  semiconductors  with  no  native  oxides  (e.y,  GaAs). 

The  LB  technique  was  used  for  the  preparation  of  ultra-thin  copper 

tetra-4-t-butylphtalocyanine  (CuTTBPc)  films  in  this  work.  The  phtalocya- 

nines  are  possibly  useful  for  practical  applications  because  of  their  high 

chemical,  thermal  and  optical  stability  and  photoelectric  properties.  The 

Au  /  CuTTBPc  LB  film  /  GaAs  structure  was  prepared  by  evaporating  Au  top 

18  3 

electrodes;  as  a  semiconductive  substrate  the  high  doped  GaAs  (10  /cm  - 
Te)  was  used. 

This  communication  deals  with  the  investigation  of  these  structures 
by  QTS  -  method  (Charge  Transient  Spectroscopy),  which  is  a  modification 
of  Deep  Level  Transient  Spectroscopy  originally  developed  by  Lf.ng.  QTS  re¬ 
sponse  exhibits  two  broad  maxima  situated  at  1-^=  ?06  K  and  T2=  273  K.  Dn 
the  basis  of  measurements  with  various  values  oi  a  time  window  and  sub¬ 
sequent  numerical  simulation  it  is  shown  that  the  maxima  correspond  to  2 
electron  levels  distributed  around  0"2B  eV  and 

ctively.  The  experimental  results  indicate  that  QTS  response  of  the  investi¬ 
gated  MIS  structure  is  due  to  the  LB  film. 
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STRUCTURAL  PROPERTIES  OF  CONDUCTING  LANGMUIR- BLODGETT 
FILMS  BASED  ON  (NDTA),Ni(DMIT)2 

Ke  Tian  *,  Tieiiti  Li  Annie  Ruaudel-Teixier  and  Andr^  Barraud 

(CEA/Service  de  Chimin  MoUculaire,  CE  Saclay,  91191  Gifsur  Yvette  Cedex,  France) 

Abstract 

A  very  nice  horizontal  conducting  LB  films  was  brought  out  by  Ruaudel  et  al.  who 
showed  that  a  considerable  increase  in  conductivity  (about  0. 1  S  per  centimeter)  could  be  ob¬ 
tained  by  means  of  ID  conducting  charge  transfer  systems^*^.  Recently,  several  families  of 
conducting  materials  of  LB  fi.ms  have  been  found  in  many  laboratories.  They  are  expected  to 
be  a  basic  material  for  some  advance  technical  applications.  A  new  progress  was  obtained  by 
Nakamura  et  al.  That  is  based  on  the  mixed  valence  complex  of  metal(dmit)2  system.  It  is 
worth  pointing  out  that  the  metal(dmit)2  system  is  an  electrical  conductor  of  two  dimensionali¬ 
ty  so  that  it  can  suppress  some  factors  of  structrual  instability. 

In  this  paper,  we  will  describe  the  structural  properties  of  (NDTA)2Ni(dimt)2  LB  films. 
The  synthesis  of  (NDTA)2Ni(dmit)2  was  performed  by  Ruaudel  et  al.  The  whole  experimen¬ 
tal  work  was  accomplished  in  CEN  Saclay.  A  fresh  5X10"^  M  (chain  concentration)  solu¬ 
tion  of  the  sample  ( NDTA  )2Ni  (dmit)2  -|-  (Cij)2NH  in  acetonitrile,  benzene  and 
trichioromethane(2  ’  1  :  1)  is  spread  onto  the  water  surface,  above  which  dry  nitrogen  is 
blown.  After  evaporation  of  the  solvent,  the  film  is  compressed  very  slowly.  The  n-A  curve 
is  quite  reproducible.  The  monolayers  at  28  mN/m  were  deposited  onto  a  calcium  fluoride 
substrate  or  on  that  some  gold  grid  electrodes  (gap  layers  distance,  0.  3mm)  were  deposited, 
both  substrates  have  been  precoated  with  six  LB  layers  of  behenic  acid.  Oxidation  of  the  LB 
films  was  performed  by  several  chemical  atmospheres  such  as;  by  iodine,  bromine  gas  with 
dry  nitrogen  or  with  air  and  so  on.  We  found  out  a  exposure  condition  suitable  for  highly  con¬ 
ducting  LB  films  of  (NDTA)2Ni(dmit)2  sample.  Its  conductivity  is  about  0. 1~0.  4  Scm"‘. 
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TIME-RESOLVED  PHOTOVOLTAGE  SPECTROSCOPY  OF  LIPID-FREE 
CuTsPc  MULTILAYERS  ON  p-Si(lll) 

Lei  Jiang,  Wang  Liu«  Dejun  Wang«  Yubai  Dai  and  Tiejin  LI 
(Drjnimnil  of  Cipm.’try,  Jilm  UoiefrsUf ,  Chmgchm,  130023>  P.R.Chm') 

U  Han  and  Haoaheng  Fel 

(ncfnimnU  of  Ihfria,  JdM  Uniirrsilf ,  Cltmgchim,  I30023i  P.R.Ctan') 

Abstract 

Recently,  the  lipid- free  copper  tctrasulfonatophthalocyanine(CuTsPc)  mutilayers  were 
prepared  by  LB  technique  in  our  laboratory.  The  films  display  a  photosensitizing  effect  on  f- 
Si(lll)^'^,  and  furthermore,  the  FET  modified  by  CuTsPc  films  shows  good  photosensitive 
characteristics^*^.  In  this  paper,  in  order  to  understand  their  charge  transfer  and  photosensiti- 
zalion  mechanism,  the  intcrfacial  charge  transfer  processes  between  CuTsPc  film  (two  layers, 
12 A  in  thickness)  and  p-Si(lll)  were  studied  by  pulsed  laser  photovoltaic  technique.  Com¬ 
paring  Fig.  1(a)  with  (b),  it  is  obvious  that  the  fast  process  (  I  )  corresponds  to  the  photo¬ 
voltaic  response  of  p-Si(lll),  and  the  slow  one  (  I  )  is  associated  with  the  interaction  be¬ 
tween  CuTsPc  film  and  p-Si(lll).  Moreover,  We  found  that  the  photovoltagc  signal  of  pro¬ 
cess  H  changes  with  the  light  intensity.  This  variation  is  similar  to  that  obtained  from  HjPe 
(PVD  film)^*^  As  the  film  itself  can' t  produce  signal  like  that  of  process  I  ,  it  must  have 
associated  with  the  intcrfacial  charge  transfer  interaction  between  CuTsPc  film  and  p-Si 
(111).  It  is  also  found  that  the  signal  of  process  H  becomes  very  small  when  a  SiOj  layer 
(thickness  I-ISO A)  is  made  on  the  interface.  In  this  case,  the  charge  transfer  between 
CuTsPc  film  and  p-Si(lll)  is  impossible.  This  indicates  that  there  is  another  process  in  pro¬ 
cess  I .  So  for  the  process  I  ,  there  arc  two  possible  mechanisms  in  it-  one  is  that  electrons 
arc  injected  from  (he  conduct  band  of  p-Si(lll)  into  the  ground  state  of  CuTsPc (  n  '  );  the 
other  is  that  CuTsPc  itself  can  form  partial  charge  transfer  complex  CuTsPc'‘''’-02*"^'^,  and  the 
transition  from  ground  state  of  CuTsPc'''''-02*“  to  the  excited  state (CuTsPc^’-Of )  makes  the 
charge  separation  of  CuTsPc''+-02''~  complcte(  H  "  ) ,  so  the  photovoltage  is  produced.  The  ex¬ 
perimental  photovoltagc  data  appear  to  be  adquatcly  interpreted  with  the  model  of  the  intcrfa¬ 
cial  charge  transfer  in  CuTsPc/p-Si(lll)  systems. 


Fig.  1  The  time-resolved  photovoliage  spectrum  of  p-Si(  1 1 1 } (a)  and  CuTsPc  film/y-SK  III) (b) 
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The  control  of  a  supramolecular  organization  in  LB  films  for 
a  designed  physical  properties  is  a  constant  objective.  Two  main 
requirements  are  at  least  necessary,  the  presence  of  an 
electroactive  group  which  controls  an  electron  transfer  and  an 
amphiphilic  character  which  can  induce  a  stable  LANGMUIR 
monolayer.  Analyzing  the  previous  results  on  charge  transfer 
salts  its  appears  that  a  few  series  of  semi-amphiphilic  TCNQ 
salts  furnishes  LB  films  of  a  remarkable  quality. 

In  the  present  work,  we  have  developped  the  synthesis  of  a 
new  series  of  3,4,5“(alkylthio)-l,2-dithiolium  salts  with  iodine^ 
TCNQ  (salts  1-1  and  1-2)  and  other  strong  acceptor  molecules 
(see  scheme  1) . 


H57Ci6 
S 


S-5 


Scheme  1 


We  have  examined  the  in  situ  molecular  organization  on  the 
LANGMUIR  trough  using  the  usual  compression  isotherms  but  also 
the  surface  potential  technique  and  the  ellipsometry 
measurements;  these  last  experiments  allow  us  to  distinguish 
between  either  a  monolayer  or  a  multilayer  structure. 

After  transfer  on  different  substrates  we  have  investigated 
the  physical  properties  of  LB  films  in  particular  electronic  and 
vibrational  absorption  spectroscopy  and  static  and  dynamic 
paramagnetism,  in  particular  the  specific  behavior  found  by  ESR 
for  the  TCNQ  compounds  will  be  discussed  in  relation  with  the 
layer  type  organization  evidenced  by  X-ray  diffraction. 
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PHOTOELECTRIC  PROPERTIES  OF  LB  FILMS  CONTAINING  AMPHIPATHIC 
PORPHYRIN  AND  CARBAZOLE 
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Kyushu  University,  6-1  Kasugakoen,  Kasuga,  Fukuoka  816,  Japan 

A  few  reports  have  very  recently  been  made  on  time-dependent 
photoelectric  responses  in  LB  films.  We  have  reported  transient  and  steadj' 
photocurrents  in  LB  films  containing  i^otoreaction  center  porjAiyrin  and 
alloxazine  chromophores . ‘ *  We  now  report  the  transient  and  steady  photo¬ 
electric  properties  of  LB  films  composed  of  amphipathic  5-(4'-N-hexa- 
decylpyridinium)-10, 15,20-triphenylpoiTdiyrin( 1)  and  arachidic  acid(2),  or 
ll-(9-carbazolyl )undecanoic  sK:id  (3)  £Uid  palmitic  acid(4). 

Five  monolayers  of  a  mixture  of  1  and  2  (1:5,  abbreviated  to  P)  were 
deposited  as  Y-type  films  at  20°C  and  20  mN*  m"^  on  an  ITO  substrate.  Two 
monolayers  of  cadmium  palmitate  alone,  mixtures  of  4  and  3  (molar  fractions 
of  3:  2-25%)  were  further  deposited.  These  LB  films  are  abbreviated  to 
PCUAO,  PCUA2,  PCUA5  and  PCUA25  systems,  respectively.  Aluminium  was  vacuum 
evaporated  as  sandwich-type  electrodes.  These  LB  films  were  irradiated  by  a 
150  W  Xe  lamp  through  a  10  cm  water  filter,  an  L-33  filter,  and  a  mono¬ 
chromator.  Steady  photocurrents  were  observed  by  an  electrometer.  Tran¬ 
sient  photocurrents  upon  excitation  of  porphyrin  with  a  dye  laser  (Molectron 
DL-14P  pumped  by  LA’24  nitrogen  laser,  10  ns)  were  measured  by  the  use  of  a 
high  speed  current  amplifier  (Ithaco  1211)  and  a  digital  memory. 

Positive  steady  photocurrents  observed  for  these  systems  with  bias 
voltage  larger  than  about  -0.4  V  incresised  with  bias  voltage.  The  polarity 
reversed  below  -0.4  V.  The  action  spectra  well  corresponded  with  the 
absorption  spectrum  of  1.  Stejidy  photocurrents  decreased  in  the  order  of 
PCUAo  >  PCUA25  >  PCUA2  >  PCUAO,  which  strongly  suggested  that  carbazole 
derivatives  affected  the  photoelectric  properties  of  these  LB  films 
depending  on  the  molar  fraction. 

Transient  photocurrents  upon  excitation  of  porjiiyrin  by  a  dye  laser 
shewed  a  fast  rise  and  a  slow  exponential  decay.  No  transient  photocurrents 
were  observed  for  monolayers  of  2  alone.  The  action  spectrum  of  transient 
photocurrents  corresponded  well  with  the  absorption  spectrun  (Q-band)  of  1. 
These  results  indicated  that  observed  transient  jrfiotocurrents  were  due  to 
movement  of  photocarriers  generated  by  the  excitation  of  porfiisnrin  in  the 
monolayer  assemblies.  The  lifetime  defined  as  the  slope  of  a  logarithmic 
plot  of  transient  photosurrents  vs.  time  gradually  increased  with  increasing 
bias  voltage.  The  lifetime  at  the  same  bias  voltage  decreased  in  the  order 
of  PCUA5  >  PCUA25  >  PCUA2  ~  PCUAO.  These  results  strongly  suggested  that 
carbazolyl  chromophores  are  effective  to  retard  the  decay  of  jiiotocarriers 
depending  on  the  extent  of  aggregation  in  mixed  LB  films  with  palmitic  acid. 

1)  T.  N'ageunura,  K.  Matano,  and  T.  Ogawa,  J.  Kiys.  Chem. ,  91,  2019  (1987). 

2)  T.  Nagamura,  S.  Kamata  et  al..  Thin  Solid  Films,  179,  293  (1989). 
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Organic  Intermediates  and  Dyes  Institute,  Moscow  103787. USSR 


This  paper  deals  with  utilization  of  the  probing  procedure  of 
internal  electric  fields  [l]  applied  to  a  new  type  of  polar  L-B 
systems.  The  investigated  L-B  films  showed  a  photoinduced  optical 
anizotropy  (POA)  effect  [2,3]. 


1-Al 

"  -Quartz 


The  prepared  L-B  films  consisted  of  CIIIIZZIIZIZI3 “A1 
three  components ;  stearic  acid  (1,4),  llllllllllll 

azodye  (2)  and  anthraquinone  dye  (3),  ffuTflTMT?  ~  ^ 

Fig.l.  The  active  part  of  the  L-B  film  ii  ii  ii  ii 

comprised  a  monolayer  of  the  azodye  and  r__T _ I_ZI__] 

bimolecular  layer  of  antraquin(»ie  dye,  ^TT  TT  Tj  TT  ~  3 

The  azodye  molecules  show  the  POA 

effect  in  combination  with  formation  of  ttttttttttt  _  £ 

polar  L-B  films  [4] .  The  anthraquincme  llllllllllll 

bi layer  was  used  as  probe  of  internal  I  1 1  1 1  i  I  I  I  I  I  I  ~  ^ 

electric  field  in  L-B  structure  [l].  f.X___Z _ ZZZZZZlr^l 

Fig.l  - -ftiartz 

We  investigated  the  variations  of  d.c.  internal  field,  due  to 
the  reorientation  of  azodye  molecules  after  the  light  irradiation  in 
its  absorption  band,  using  Stark-spectra  technique.  The  electronic 
bands  of  the  azodye  and  the  emthraquinone  compound  have  a  weak  over¬ 
lapping  Thus  the  corresponding  contributions  of  different 
monolayers  in  the  Stark-spectra  can  be  seen  separately.  In  our  case 
the  Stark  spectrum  ^T/T{^)  has  two  various  contributions  from  two 
monolayers ; 

4t/t(M  =  e“'  a^|(4)  (1) 

Hern  A^  ^  ^  (^ ) ,  A^^|  (^ )  .E^  ^\e^^  !  -  are  spectral  dependences  of  linear 

azo  ant  azo  ant 

and  quadratic  Stark  effect  euid  variable  local  fields  for  the  azodye 
and  anthraquinone  .respectively.  We  investigated  two  contributions 
in  (1)  and  found  the  dependence  of  the  values  of  the  internal  field 

E^^^  against  the  conditions  of  irradiation  .  The  changes  of  the 

internal  field  confirmed  the  results  obtained  early  in  [4).  Using 
the  values  of  the  internal  fields  we  found  the  macroscopic  polariza¬ 
tion  of  azodye  monolayer  (P»10'^  8-10  versus  the  irradiation 

conditions.  The  model  of  POA  is  discussed  to  explain  the  data  obtai¬ 
ned  here. 
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Photcinduotd  alactron  transfer  In  mondqyers  at  the  alr/v¥Otsr  interface 


G.  CorrlnaQ^  ,  R.  C  Ahuja ,  M.  Matsumoto'*'  and  D.  MiUus 
It  DipartirrintD  di  Chirrlai,  Uhiveroita'  di  Rnenze,  Via  G.CapponI  9,  50121  Firenze,  Italia. 
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We  have  investigated  the  photoinduced  electron  transfer  from  the  excited  donor 
(oxacyonine  OC,  incorporated  in  a  matrix  monolayer  at  the  air-water  interface)  to 
the  acceptor  (viologen;  y**)  either  present  in  the  matrix  monolayer  or  adsorbed 
at  the  monolayer /water  interface  from  the  subphase.  The  kinetics  of  adsorption 
of  the  acceptor  at  the  monolayer/water  interface  and  the  steady  state  surface 
density  was  monitored  using  the  surface  pressure,  surface  potential,  surface  re¬ 
flection  and  fluorescence  techniques..  The  adsorption  of  the  acceptor  at  the  DPPA 
(dipalmitoylphosphatidic  acid)  monolayer/water  interface  leads  to  the  appearance 
of  V**  specific  band  (X*280  nm)  in  the  reflection  spectrum,  the  magnitude  of 
which  increases  with  increasing  acceptor  concentration  in  the  subphase  ending  in 
saturation  at  concentrations  >  10"®  M.  The  adsorption  of  the  acceptor  is  largely 
governed  by  the  Interfacial  potential,  e.g.,  we  did  not  find  any  evidence  for  ad¬ 
sorption  of  the  at  monolayers  of  dipalmitoylphosphatidylcholine  or  arachidic 
acid  (at  pH  5,6) .  The  kinetics  of  adsorption  of  the  occeptor  was  found  to  be  dif¬ 
fusion  controlled  and  the  time  to  reach  steady-state  varied  between  few  minutes 
and  hours  in  the  concentration  range  (10"®  -  10‘®  M).  For  investigation  of  the 
photoinduced  electron  transfer  process,  steady-state  fluorescence  intensity 
(425nm)-  area  isotherms  were  measured  simultaneously  with  the  surface  pressu¬ 
re-area  Isotherms.  The  fluorescence  intensity  decreased  by  three  orders  of  mag¬ 
nitude  as  a  result  of  electron  transfer  using  bulk  acceptor  concentration  in  the 
range  10"®  -  10"®  M.  These  results  along  with  the  other  results  obtained  by  in¬ 
corporating  the  long  chain  derivative  of  the  acceptor  in  the  matrix  (DMPC)  mono¬ 
layer  are  discussed  in  terms  of  a  two  dimensional  analog  of  the  three  dimensional 
hard  sphere  model. 
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PIEZOELECTRICITY  IN  LANGM0IR-BL0D6ETT  FILMS 

P.  E.  Dunn.  M.  Poulter,  and  G.  G.  Roberts 

Department  of  Engineering  Science^  University  of  Oxford,  Parks  Road, 

Oxford,  0X1  3PJ,  U.K. 

The  pyroelectric  properties  exhibited  by  several  types  of  Langmuir- 
Blodgett  films  have  generated  Interest  in  the  piezoelectric  properties  that 
these  niaterials  should  exhibit.  For  the  potential  applications  of  thecc 
materials  in  pyroelectric  detectors  low  levels  of  piezoelectric  activity 
would  be  desirable,  since  large  piezoelectric  effects  introduce  problems  of 
acoustic  sensitivity.  Therefore,  the  characterization  of  the  level  of  this 
activity  is  important.  These  materials  could  also  be  useful  in  novel 
piezoelectric  devices.  The  overall  aim  of  this  work  is  that  of 
establishing  a  reliable  method  of  determining  the  piezoelectric  properties 
of  thin  organic  multilayers  under  the  constraints  where  the  active  element 
is  supported  by  a  rigid  substrate. 

The  multilayer  Langmuir-Blodgett  films  which  were  investigated  for 
their  piezoelectric  effect  were  conqprised  of  alternate  layers  of  a  fatty 
acid  and  1-docosylamine,  and  an  organo-ruthenium  c  iplex  alternated  with  a 
fatty  acid.  The  organic  layers,  consisting  of  21  monolayers,  were 
deposited  onto  thin  (0.8  mm)  glass  substrates  on  which  aluminium  electrodes 
had  been  deposited.  On  top  of  the  organic  multilayers  an  upper  aluminium 
electrode  was  deposited.  A  purpose  built  rig  was  designed  for  applying  a 
bending  flexure  to  this  composite,  producing  tensile  and  compressive 
stresses  in  the  Langmuir-Blodgett  film  on  its  surface.  Measurement  was 
made  of  the  force  applied  perpendicular  to  the  surface  of  the  substrate 
(the  force  in  bending  the  substrate)  and  the  resultant  charge  produced  by 
the  flexure.  The  strain  at  the  surface  of  the  substrate,  and  that 
transmitted  to  the  active  layer,  was  determined  by  applying  the  theory  of 
bending  in  a  cantilever  beam.  From  the  values  of  the  tensile  stress  in  the 
active  layer  and  the  resultant  charge,  the  piezoelectric  d3i  coefficient 
could  be  determined.  Preliminary  results  on  acid/amine  alternate  layer 
films  have  yielded  a  d3i  coefficient  of  0.13  pC/N.  The  accuracy  of  this 
experimental  set  up  has  been  verified  by  measuring  the  d3i  coefficient  of  a 
a  spuncoat  VF/TrFE  copolymer  as  the  active  layer,  giving  a  coefficient 
which  is  in  excellent  agreement  with  published  values. 


Chemistry  in  mono  and  multilayers 
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SUMMARY 

ISOMERIZATION  OF  (  «-NAPHTYL)( n-CHLORPHENYL  )ETHYLENE 
SOLUTION  BY  THE  RUTHENIUM  COMPLEX  LANGMUIR-BLODGETT  FILM. 

Styrkas  D.A,,  Lednev  I.K.,  Alfimov  M.V. 

N.N. Semenov  Institute  of  Chemical  Physix:s  .USSR  Academy  of 
Sciences .Moscow  Region ,Cher nogolovka .USSR . 

Our  paper  is  concerned  with  the  investigation  of  the 
photocatalized  properties  of  the  Langmuir-Blodgett( LB )  films  of 
synthesized  surface-active  diperchlorate  bis( 2 ,2 ’-bipyr idi ne  ) 
( 4 ,4 ’-diheptadecyl-2 ,2 ’-bipyridine )  rutheniumC 2+ )  complex. 

Trans  to  cis  isomerization  of  ( a-naphtyl  )( n-chlorpheny 1  ) 
ethyleneC NCE )  in  hexadecane  solution  photosensitized  by  the  LB 
multilayer  was  investigated . In  addition  to  this,  luminescent 
quenching  of  the  LB  films  by  a  CuSO^  water  solution  was  studied 
to  determine  the  effectiveness  of  such  a  heterogeneous  catalytic 
reaction . 

It  was  shown  that  the  effectiveness  of  the  trans  to  cis  NCE 
isomerization  photosensitized  by  the  ruthenium  complex  LB  film  is 
100  times  lesr,  than  the  effectiveness  of  an  analogos  reaction  in 
a  homogeneous  solution .Each  layer  of  the  LB  film  contribute  the 
equally  to  the  rate  of  the  isomer ization .This  can  be  explained  by 
penetration  of  the  NCE  solution  deep  into  the  multilayer  or  by 
efficient  migration  of  energy  to  the  surface  of  the  film  followed 
by  isomerization  on  the  surface. To  determine  the  mechanism  of 
this  process  an  additional  luminescent  quenching  of  the  LB  film 
by  the  CuSO^  water  solution  was  carried  out .With  increasing 
quencher  concentration  in  the  solution  the  efficiency  of  the 
quenching  reached  a  limit. This  demonstrated  the  absence  of 
efficient  energy  transport  in  the  LB  multilayer  and  also  that 
CUSO4  solution  only  penetrates  wearly  into  the  film. Thus  the 
efficient  contribution  of  all  monolayers  of  the  ruthenium  complex 
LB  films  results  from  good  penetration  of  non  polar  hexadecane 
solution  of  NCE  into  the  depth  of  the  LB  multilayers. 
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PENETRATION  KINETICS  OF  CIS-DIAMMINEDICHLOROPLATINUM  II  LOADED 
NANOPARTICLES  IN  LIPID  MONOLAYERS  AS  MEMBRANE  MODEL  OF 

reticuloendothelial  system 

M.A.  Egea,  M.L  Garcia,  M.Espina,  0. Vails,  M.A.Alsina 

Department  of  Pharmacy (Phisicochemical  Unity ). Faculty  of 
Pharmacy.  Barcelona  University .Barcelona  (Spain). 

In  the  last  years  various  attempts  have  been  made  in  order  to 
minimize  the  toxic  effects  of  citostatic  drugs  and  improve  their 
penetration  into  the  cellular  membranes. In  this  way,  different 
kind  of  drug  delivery  systems,  such  as  liposomes,  nanocapsules 
and  nanoparticles,  were  used. 

Cis-diamminedichloroplatinum  II  (Cisplatin)  is  a  higly  effective 
drug  in  the  treatment  of  several  neoplastic  diseases  but  its  use 
must  be  limited  by  severe  systemic  toxicity  as  nephrotoxicity  or 
neurotoxicity In  an  attempt  to  modify  the  therapeutic  index 
this  drug  has  been  previously  encapsulated  in  liposomes  but  with 
a  very  low  encapsulation  efficiency  and  poor  stability.. 

Biodegradable  polymers  such  as  polyalkylcyanoacrylates  (PACA) 
are  of  special  interest  in  the  desing  and  fabrication  of 
nanoparticles,  as  prolonged-acting  dosage  forms..  Conjugation  of 
citotoxic  drugs  to  this  polymers  could  reduce  side  effects  by 
altering  pharmacokinetic  disposition  of  the  drug. 

Monolayer  measurements  at  liquid-gas  interfaces  can  give 
valuable  information  about  the  interfacial  behaviour  of  membrane 
compounds  and  also  on  interactions  at  interfaces,  which  can  be 
well  correlated  with  phenomena  at  biological  membranes.. 

The  present  study  was  undertaken  in  order  to  know  the  nature  of 
the  interaction  between  cis-diamminedichloroplatinum  II  loaded 
or  unloaded  polyalkylcyanoacrilate  nanoparticles,  with  the  same 
components  as  lipids  present  in  cellular  membranes  of 
reticuloendothelial  system  spreaded  as  monolayer  at  liquid-gas 
interface.  This  lipid  composition  of  monolayers  has  been  chosen 
because  a  major  limiting  factor  to  the  systemic  use  of 
particulate  drug  delivery  systems  is  the  rapid  clearance  of  the 
carrier  from  the  circulation  by  the  reticuloendothelial  system. 
The  possible  interactions  of  the  surfactant  used  in  the 
nanoparticle  formulation  with  the  lipids  above  mentioned  were 
also  investigated. 

The  surface  pressure  increases  produced  in  lipid  monolayers 
spread  at  several  initial  pressures  when  different  amounts  of 
cis-diamminedichloroplatinum  II  loaded  or  unloaded 
nanoparticless  or  free  nanoparticless  were  added  to  the  aqueous 
subphase  showed  a  maximum  value  for  the  drug  loaded 
nanoparticles . 
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AN  IN  SITU  INVESTIGATION  OF  THE  PHOTOPOLYMERIZATION 
OF  DI ACETYLENE  LB  FILMS. 

Repinsky  S.M. , Kruchinin  V . N . , Sveshnikova  L .  L . , Docinin  I . N . 
Institute  of  Semiconductor  Physics, Academy  of  Sciences  of 
the  USSR, Siberian  Branch,  630090  Novosibirsk  90  (USSR). 


The  aim  of  the  present  work  was  to  study  the  polymerization  of  mono  - 
and  multilayers  LB  films  of  the  amphiphilic  derivative  (DA  11-3) 


CH  (CH  )  -C=C-C=C-(CH  )  COO 
L  3  2  11  2  8- 


Cd 


by  means  of  high-speed  ellipsometry. 

DA  11-8  was  dissolved  in  hexane  at  a  concentration  of  about  0.1  -  0.15 


-4 

mg/ml  and  spread  on  water  containing  about  3>d0  mol /I  CdCl  at  pH=7. 0-7.1. 

O 

The  monolayers  were  transferred  onto  silicon  substrate  at  a  surface  press¬ 
ure  of  30  mN/m.  Photopolymerization  was  achieved  by  UV  irradiation  of  the 
sample  using  Hg  -  lamp  and  registered  by  ellipsometry  with  the  fast  action 
about  50  ms.  The  kinetic  dependences  of  the  polymerization  of  DA  11-8  (1, 

2,  4  and  6  monolayers)  are  presented 


in  Figure.  After  the  short  period  of 
initiation  (3-5  min)  the  spontaneous 
polymerization  was  observed  in  a  case  of 
film  thickness  less  then  or  equel  4  mono- 
layers.  The  films  of  PDA  11-8  absorbes 
light  with  the  maximums  of  absorption  at 
570  and  640  nm.  The  values  of  refractive 
index  1.64-1.65  and  absorption  constant 
0.1  were  observed  for  these  films  at 


632.8  nm.  Mechanism  of  the  processes  of  polymerization,  photochromic 
transition  and  photolysis  was  discussed. 
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LB  FILMS  OF  HEXADECYLVINYLDIMETHYLAMMONIUM 
CHLORIDE  AND  THEIR  OZONE  SENSITIVITY 

Inger  Vikholm 

Technical  Research  Centre  of  Finland,  Medical  Engineering 
Laboratory,  P.O.Box  316,  SF-33101  Tampere,  Finland 

ABSTRACT 

A  77.8  MHz  Surface  Acoustic  Wave  (SAW)  device  (1)  and  a 
158  MHz  dual  SAW  device  has  been  used  to  measure  the  ozone 
sensitivity  of  Langmuir-Blodgett  films  of  hexadecylvinyl- 
dimethylammonium  chloride  (CVDAC) .  The  77.8  MHz  SAW  device  was 
also  used  to  characterize  the  deposition  of  monolayers  as  a 
linear  decrease  in  the  resonant  frequency  of  the  device 
indicates  a  homogeneous  deposition  (1,2). 

CVDAC  forms  a  liquid  expanded  monolayer  on  a  pure  water 
subphase  because  of  the  ionic  repulsion  between  the  polar  head 
groups  and  monolayers  can  not  be  deposited  onto  a  solid  substra¬ 
te.  However  in  a  mixture  with  arachidic  acid  at  a  molar  ratio 
of  1/6  a  monolayer  similar  to  that  of  pure  fatty  acids  is 
formed.  Y-type  films  were  deposited  onto  solid  substrates  and 
characterized  by  UV-visible  absorption  spectra.  Furthermore 
deposition  onto  the  SAW  device  indicates  a  homogeneous 
deposition  as  the  resonant  frequency  of  the  device  decreases 
linearily  with  number  of  layers. 

Charged  monolayers  can  be  stabilized  by  complexation  with 
polyeiectrolytes  (3) .  A  stable  monolayer  of  CVDAC  was  formed 
by  polyion  complexation  with  polystyrenesulphonate .  Deposition 
was  succeeded  only  on  the  upward  movement  of  the  substrate, 
giving  Z-type  films.  UV-visible  absorption  spectra  of  the 
transferred  films  indicates  a  successful  complexation  and  a 
reproducible  monolayer  transfer. 

The  resonant  frequency  of  a  SAW  device  coated  with  CVDAC 
layers  decreases  with  time  when  exposed  to  ozone.  The  decrease 
in  frequency  is  irreversible  and  the  rate  of  the  decrease 
depends  on  the  number  of  layers  deposited  onto  the  device.  This 
indicates  a  penetration  of  ozone  into  the  layers  as  the  response 
rate  increases  with  film  thickness.  Ozone  would  adsorb  only  near 
to  the  surface  if  the  response  did  not  depend  on  the  film 
thickness.  The  decrease  in  frequency  of  the  SAW  device  is 
linearily  dependent  on  the  ozone  concentration. 
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THE  POLYMERIZATION  OF  MONOLAYERS  AND  LB-MULTILAYERS 
OF  SOME  UNSATURATED  FATTY  ACIDS 


J.,  Peltonen,  He  Pingsheng,  M.  Linde' n,  and  J.  Rosenholm 

Deparmiem  of  Physical  Chemistry,  Abo  Akademi, 
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ABSTRACT 

The  polymerization  of  several  imsaturated  fatty  acid  Langmuir-monolayers  ( cis-9 -oleic  acid 
(C18:c9),  cis-6-petroselinic  acid  (C18:c6),  cis-9, 12-linoleic  acid  (C18:c912)  and  trans-9,12- 
linolelaidic  acid  (C18:t912)  )  has  been  successfully  carried  out  under  a  30W  low  pressure 
mercury  lamp  UV-irradiation. 

The  polymerization  was  monitored  as  a  change  in  barrier  speed  under  a  constant  surface 
p’essure  of  15  mN/m  for  monolayers  on  a  O.lmM  TbCl3  subphase  and  25  mN/m  for  O.lmM 
CdCK  subphases,  respectively.  All  the  measurements  were  done  under  a  constant  temperature 
of  20’C. 

The  unsaturated  fatty  acids  with  two  double  bonds  ((C18:c912)  and  C18:t912))  where  more 
reactive  than  those  with  a  single  bouble  bond  ((C18:c6)  and  C18:c9)).  Also,  the  cis-type 
double  bonds  were  observed  to  be  more  easily  polymerized  than  those  of  trans-type. 

More  detailed  study  was  focused  on  Cl  8x9 12.  The  indication  that  a  polymer  was  indeed 
produced  came  from  the  following  facts:  The  speed  of  the  barrier  increased  to  a  clear 
maximum  when  the  monolayer  was  irradiated  with  UV-light.  After  100  min.  UV-irradiation 
the  collapse  pressure  of  the  monolayer  (22.3  mNVm)  was  higher  than  that  of  a  unreacted 
monomer  (18.0  mN/m).  As  well,  after  a  100  min.  polymerization,  by  sweeping  the  surface  of 
the  Langmuir  trough,  a  resin-like  surface  residue  was  obserbed  by  microscopy.  However,  the 
monomer  cis-9, 12-linoleic  acid  is  a  liquid  with  melting  point  between  -1°C  and  '5°C. 

The  reactivity  of  the  monolayers  was  studied  also  under  an  argon  atmosphere  but  no 
significant  differences  were  observed  compared  with  those  measurements  done  under  normal 
air  conditions.  This  indicates  that  the  oxidation  and  degradation  of  the  monomer  in  air 
atmosphere  during  a  100  min.  UV-polymerization  were  not  the  dominant  effects  in  our 
experiments. 

The  polymerization  tests  for  the  corresponding  LB-multilayer  structures  under  a  lOOW  high 
pressure  mercury  lamp  as  well  as  using  elecmon  beam  will  be  characterized  by  x-ray 
diffraction  measurements. 


•  On  leave  from  University  of  Science  and  Technology  of  China,  Hefei,  China 
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Electrochemistry  of  Vioiogen-containing  Langmuir-Blodgett 
Film  Prepared  by  Polyion  Complex  Technique. 


Masatsugu  Shimomura.  Kennichi  Kasuga,  and  Takashi  Tsukada 
Department  of  Biotechnology,  Tokyo  University  of  Agriculture  and 
Technology,  Koganei,  Tokyo  184,  Japan 


We  describe  in  this  article  electrochemical  property  of  an  amphiphilic 
viologen  in  the  Langmuir-Blodgett (LB)  multilayers  prepared  by  the  polyion 
complex  technique. 

Shimomura  and  Kunitake  succeeded  to  immobilize  the  bi layer  membranes  as 
the  LB  multilayers  by  the  polyion  complex  technique.  As  the  result  of  the 
electrostatic  interaction  at  the  air-water  interface,  a  stable  monolayer 
of  the  bi layer-forming  charged  amphiphile  was  prepared  on  an  aqueous 
solution  of  the  counter  charged  polyelectrolyte.  The  polyion-complexed 
monolayers  could  be  transferred  on  the  solid  substrates  as  the 
multilayer  films  by  the  normal  LB  technique^.  Molecular  orientation  in 
the  poli ion-complexed  monolayers  should  be  strongly  affected  by  the 
chemical  structure  of  the  polyelectrolytes. 

The  azobenzene  amphiphile  having  the  viologen  group  as  a  hydrophilic  head 
forms  the  bi layer  assembly  in  water. 


CH,(CH,),,0 


N=N 

1 


0(CH2).-,-N" 


N-CH2CH;.; 


2Br- 


Duh  to  high  water  solubility,  however,  amphiphile  1  could  not  form  a 
stable  monolayer  on  pure  water  subphase  at  20u.  Addition  of  an  anionic 
polyelectrolyte  into  the  water  subphase  could  stabilize  the  mon9layer.  A 
condensed  monolayer  with  a  limiting  molecular  area  of  ca.  0.6  nm‘/molecule 
was  formed  on  dilute  solution  of  potassium  polyCvinyl  sulfate). 
Carboxymethylcellulose  (degree  of  substitution  of  carboxymethyl  group  per 
glucose  unit  ;d  =  1.41)  in  the  subphase  made  the  monolayer  more  expanding. 
Shape  of  the  pressure-area  isotherms(.T-A  curves)  on  the  aqueous 
carboxymethylcellulose  was  strongly  dependent  on  the  degree  of 
substitution.  Condensed  monolayer  was  found  on  the  solution  of  higher 
substituted  carboxymethi 1 cellulose  (d  =  2.81).  Molecular  orientation  in 
the  polyion-complexed  monolayer  is  strongly  affected  by  the  charge 
density  of  the  polyelectrolyte. 

Reversible  reduction-oxidation  reaction  of  the  viologen  group  by  the 
electrochemical  process  was  found  in  the  poly ion  complexed  LB  film.  The 
formal  redox  potent ial(A*^')  of  the  LB  film  was  found  to  be  strongly- 
affected  by  the  chemical  structure,  of  the  anionic  polymer.  The  complex 
film  with  carboxymethylcellulose(d  =  1.41,  -  -473mV  vs.  SCE)  was  more 
easily  reduced  than  the  film  complexed  with  poly(vinyl  sulfate) (A”’ =  -577 
mV).  Positive  shift  in  the  redox  potential  was  found  for  the  complex  film 
having  expanding  nature  of  the  monolayer. 

As  was  expected,  the  ;i-A  curve  on  poly(acrylic  acid)  solution  showed 
a  large  pH-dependence.  Lowering  the  pH  value  of  the  subphase,  the  n-k 
curve  of  the  monolayer  was  found  to  be  extremely  expanding.  A  large  pH 
dependence  or  the  redox  potential  was  also  found  in  the  LB  film. 


!)  M, Shimomura,  T. Kunitake.  Thin  SojjJ  Films,  132,243(1985) 
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PHOTOINDUCEO  PROTON  TRANSFER  IN  LB  FILMS 

M.Fujihira  and  Y.Niedome 

Department  of  Biomolecular  Engineering,  Tokyo  Institute  of  Technology, 

4259  Nagatsuta,  Midori-ku,  Yokohama,  227  Japan 

In  nature,  photosynthesis  is  the  major  process  which 
converts  solar  energy  to  chemical  energy.  That  process  starts 
with  a  photoinduced  electron  transfer,  and  results  in  the 
hydrogen  ion  concentration  gradient  across  a  membrane.  The 
concentration  gradient  can  be  a  driving  force  to  synthesize  ATP 
from  ADP.  Several  polypeptide  units  are  concerned  with  that 
process. 

On  the  other  hand,  some  kind  of  halophilic  bacteria  have  a 
quite  different  energy  conversion  process.  A  polypeptide  unit 
which  named  bacteriorhodopsin  pumps  hydrogen  ion  directly  as  a 
result  of  phot- isomerization  of  retinal.  That  proton  pumping 
mechanism  is  much  simpler  than  that  of  photosynthesis.  The 
process  does  not  link  with  electron  transfer  and  needs  no  other 
polypeptide  unit.  This  molecular  process  suggests  us  a  novel 
molecular  device  for  solar  energy  conversion  other  than  the 
previous  molecular  photodiode . ^ ^ 

In  this  study,  we  intended  to  assemble  a  photoinduced 
intermolecular  proton  transfer  system  with  LB  films.  This  is 
the  first  report  which  aims  to  control  the  direction  of  proton 
transfer  in  artificial  aggregates. 

We  used  2-naphthoic  acid  (2-NpA)  as  a  photofunctional 
compound.  Some  aromatic  compounds  with  acid-base  functional 
groups  have  different  pKa's  in  the  ground  state  and  in  the 
excited  state.  In  the  case  of  2-NpA,  pKa  in  the  ground  state  is 
4.1,  while  in  the  excited  state  pKa(Sl)  was  reported  as  10- 
12.^^  We  incorporated  2-NpA”  ion  as  a  proton  acceptor  into 
appropriate  proton  donating  amphiphiles  such  as  imidazole  and 
amines  with  long  alkyl  chains.  Regularity  of  LB  films  should 
control  the  direction  of  proton  transfer. 
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CONTROL  OF  PHOTOCHROMISM  OF  DIACETYLENE  LB  FILMS 
BY  POLYION  COMPLEXATION 

K.  NISHIYAMA.  M.  KURIHARA,  AND  M.  FUJiHIRA 

Department  of  Bicmolecular  Engineering.  Tokyo  Institute  of 
Technology,  4259  Nagatsuta,  Midori-ku,  Yokohama  227,  Japan 

It  is  important  to  control  molecular  orientations  and  inter- 
molecular  distances  in  mono-  and  multilayered  LB  films.  In  this  re¬ 
spect,  we  have  found  that,  for  the  monolayer  which  consists  of  an 
amphiphilic  aliphatic  acid  and  a  polycation  used  as  the  counter  ion, 
the  molecular  area  could  be  controlled  by  the  pH  of  the  subphase,  the 
size  of  monomer  unit  of  polycations,  and  the  chain  length.  We  have 
also  reported  that  the  photoisomerization  of  the  azobenzene  amphi- 
phiies  in  LB  films,  which  had  so  far  been  irreversible,  became  revers¬ 
ible  due  to  the  increase  in  the  free  volume  by  polyion  complexa- 
tion.^’^^ 

In  general,  the  topochemical  reactions  depend  upon  the  molecular 
arrangements  and  the  intermolecular  distances.  Diacetylene  derivatives 
are  representative  compounds  which  show  the  topochemical  reaction. 
Therefore,  in  this  paper,  we  will  discuss  how  the  photopolymerization 
of  diacetylene,  is  affected  when  the  molecular  area  of  photoreactive 
moieties  is  controlled  by  the  polyion  complexation . 

The  cross  sectional  area  of  the  diacetylene  moieties  of  the 
monolayers  was  controlled  by  the  pH  of  the  subphase  and  by  the  chain 
length.  The  photopolymerization  of  the  moieties  was  largely  influ¬ 
enced  by  the  area.  By  controlling  the  area,  the  LB  films  which  dis¬ 
play  new  types  of  spectra  of  photochroma  were  obtained.  The  difference 
in  absorption  spectra  and  polymerization  behavior  between  the  monolay¬ 
ers  at  the  air-water  interface  and  the  corresponding  multilayered  LB 
films  was  observed. 
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ELECTROCATALYTIC  REDUCTION  OF  CO2  ON  MODIFIED 
ELECTRODE  WITH  LB  FILMS  OF  LONG  ALKYL  SUBSTITUTED 
NICKEL  CYCUM  COMPLEXES 

U.AKIBA,  Y.NAKAMURA.  K.SUGA,  and  M.FUJIHIRA 
Department  of  Biomolecular  Engineering,  Tokyo  Institute  of  Technology, 
4259  Nagatsuta.Midori-ku.Yokohama  227,  Japan 


In  biological  systems,  various  kinds  of  metal  complexes  such  as 
hemes,  iron  sulfur  clusters,  and  manganese  centers  act  as  active  sites  of 
enzymes.  Several  recent  papers  reported  that  carbon  dioxide  could  be 
electrocatalytically  reduced  by  metal  complexes^"^^ .  The  metal  electrodes 
in  contact  with  an  aqueous  solution  of  Ni-cycleun  complex  (cyclam: 1,4, 8,11- 
tetraazacyclotetradecane)  can  reduce  carbon  dioxide  to  carbon  monoxide 
selectively  in  more  preferable  potentials  than  the  same  metal  electrode 
without  the  complex. 

To  immobilize  the  metal  complex  catalyst  on  an  electrode,  we  first 
investigated  the  position  of  Ni-cyclam  to  which  we  substituted  alkyl 
chains  without  lack  of  the  activity,  and  reported  that  nickel  complexes  of 
N-alkylated  cyclams  are  more  stable  than  Ni-cyclaa  i^  an  aqueous  solution. 
Then  we  synthesized  a  Ni-cyclam  derivative  with  an  N-substituted  long  alkyl 
chain,  i.e.  Ni-N-docosylcyclam.  We  examined  the  electroc  lemical  properties 
of  its  monolayer  and  the  catalytic  activity  for  reduction  of  carbon 
dioxide. 

The  monolayer  of  the  Ni-cyclam  derivative  was  spread  from  the  chloro¬ 
form  solution  onto  a  0.5  oM  NaClOi^  aqueous  solution  at  15  ’C.  The  limiting 
area  of  Ni-N-docosylcyclam  was  0.88  nm^.  The  monolayer  of  the  complex  was 
deposited  on  a  glassy  carbon  (GC)  disk  electrode. 

The  cyclic  voltammograms  on  the  electrode  were  re  orded  in  a  0.1  M 
NaC10/|  aqueous  solution  under  nitrogen  or  carbon  dioxide  tmosphere.  Under 
nitrogen,  the  cyclic  voltammogram  of  the  monolayer  of  N; -N-docosylcyclam 
showed  a  redox  peak  at  ca.  -1.4  V  vs.  SCE,  and  it  was  a'/tost  the  same  as 
the  redox  potentials  of  nickel  N-short  alkylated  cycl?a3  in  an  aqueous 
solution.  Under  carbon  dioxide,  the  increase  in  cathodLr  current  was  ob¬ 
served  at  -1.3  V  vs.  SCE.  These  results  indicate  that  the  LB  films  of  the 
complex  possess  sufficient  electrocatalytic  activity  to  reduce  carbon 
dioxide. 
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PHOTOCHEMICAL  SWITCHING  OF  ELECTROCHEMICAL 
PROCESSES  ON  MODIFIED  ELECTRODE 
WITH  IONIC  SPIROPYRAN  LB  FILMS 

K.  NISHIYAMA,  K.  MATSUMURA.  AND  M.  FUJIHIRA 

Department  of  Biomolecular  Engineering,  Tokyo  Institute  of 
Technology.  4259  Nagatsuta.  Midori-ku,  Yokohama  227,  Japan 

In  relation  to  the  human  visual  system  we  reported  that  the  spiropy- 
ran  LB  film  can  control  the  electrochemical  reaction  of  Fe^'^'/Fe^'*’  by  UV  and 
visible  light  irradiation^^.  In  the  prese.:t  study,  we  will  report  photO“ 
chemical  switching  of  electrochemical  processes  by  using  ionic  spiropyran 
derivatives.  This  device  is  composed  of  a  gold  optically  semi-transparent 
electrode  (Au  OTE)  modified  with  LB  films  containing  photoresponsive  moie¬ 
ties  in  contact  with  a  redox  solution  in  a  photoelectrochemical  cell. 

In  general,  the  rate  of  electrochemical  reaction  greatly  depends  on 
the  state  of  electrode  surface,  LB  films  or  adsorbed  monolayers  on  the 
electrode  surface  inhibit  the  electrochemical  reaction.  If  the  film  blocks 
the  electrochemical  reaction  perfectly,  no  faradic  current  is  observed. 

If  this  photoresponsive  film 
changes  its  inactive  structure  by 
light 

irradiation  with  one  frequency  (v) 
into  active  structure  and  the  coated 
electrode  with  this  new  structure 
allow  the  electrochemical  reaction  in 
solution,  the  large  faradic  current 
should  be  observed.  If  the  initial 
blocking  state  can  be  recovered  by 
irradiating  light  with  the  other  fre¬ 
quency  (v’),  only  charging  current  is 
observed  again. 

In  this  way,  photochemical 
reactions  in  the  film  caused  by  weak 
photoirradiation  trigger  a  large 
electrochemical  current  in  a  reversi¬ 
ble  manner  as  in  the  visual  system. 
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PHOTOPOLYMERIZATION  OF  W-TRICOSENOYL  DERIVATIVE  OF  /3-CYCLODEXTRIN 
IN  LANGMUIR-BLODGETT  FILMS 
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Fig.l  Vinyl-B-CD 


LB  films  of  long-chain  dei.vatives  of  cyclodextrins  (CDs)  will  provide 
new  molecular  systems  owing  to  the  unique  environment  in  the  cavity.’^  A 
variety  of  functional  molecules  can  be  incorporated  into  the  LB  films  of  CDs 
giving  a  well  organized  layered  system  with  specific  functions On  the  other 
hand,  polymerization  in  the  LB  films  is  expected  to  enhance  the  mechanical 
strength,  thermal  stability  and  solvent  resistance  of  the  LB  films.^^^^ 

In  this  paper,  a  u/-tricosenoyl  derivative  of  /8-CD 
(Vinyl-B-CD) (Fig.l)  was  synthesized  (mp  74.5“C)  and  the 
photopolymerizations  in  the  built-up  multilayers  and 
the  monolayer  on  water  have  been  studied.  Vinyl-^CD 
can  form  stable  monolayer  at  the  air-water  interface. 

From  the  TT-A  isotherm  the  limiting  area  was  230 
molecule,  indicating  that  Vinyl-B-CD  molecules  are 
aligned  in  the  closest  hexagonal  packing  of  the 
cylindrical  bases  in  the  monolayer  and  long  chains 
stand  vertically  (Fig. 2).  In  the  equimolar  mixed 
monolayer  with  w-tricosenoic  acid  (TA),  TA  molecules 
filled  blank  space  between  Vinyl-p-CD  molecules  in  the 
hexagonal  packing  without  any  increase  of  the  area, 
although  additional  molecules  of  TA  contribute  to  the 
area  increase  in  proportion  to  the  molar  ratio  of  TA. 

The  monolayer  of  Vinyl-B-CD  can  be  deposited  onto 
phydrophobic  solid  substrates  by  the  LB  method.  The 
polarized  IR  spectra  for  the  LB  films  of  Vinyl-B-CD 
revealed  that  the  hydrocarbon  chains  stand  nearly 
vertically  and  the  CD  rings  are  oriented  pararell  to 
the  film  plane. 

In  order  to  obtain  the  thermally  and  mechanically  stable  ultra  thin 
films  of  B-CD,  homopolynierization  of  Vinyl-B-CD  and  copolymerization  with  TA 
in  the  LB  films  were  examined  by  UV  irradiation  under  nitrogen  atmosphere. 
Polymerization  process  was  followed  by  the  decrease  of  C-H  deformation  band 
of  terminal  vinyl  group  at  910  cm*'  in  the  IR  spectra.  Homopolymerization  of 
Vinyl-B-CD  was  rather  slow,  while  copolymerization  with  TA  proceeded  faster 
and  reached  high  conversion.  Further,  the  polymerizability  of  Vinyl-B-CD  in 
the  multilayers  prepared  by  the  horiz;.ntal  lifting  method  was  higher  than 
that  by  the  convensional  LB  method,  probably  because  the  monolayer  on  water 
surface  should  be  transfered  on  the  plate  without  disturbing  the  molecular 
arrangement.  It  was  found  that  solvent  resistivity  of  the  LB  film  of  Vinyl- 
p-CD  was  improved  after  the  polymerization. 


Fig.  2 


1)  Y.Kawabata,  W.Tagaki,  H.Nakahara  and  K.FVicuda,  etal.,  Thin  Solid  Films,  139(1968)353. 

2)  A.Yabe,  Y.Kawabata,  W.Tagaki,  H.Nakahara  and  K.FUoida,  etal.,  Ihin  Solid  Films,  160(1968)33. 

3)  K.Fidoxia,  Y.Shibasaki  and  H.Nakahara,  Thin  Solid  Films,  99(1963)87.  133(1965)39,  160(1968)43, 
179(1969)103. 

4)  H.Niino,  Y.Kawabata,  A.Yabe,  W.Tagaki,  H.Nakahara  and  K.Fukuda,  etal.  .179(1969)53. 
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PREPARATION  AND  PROPERTIES  OF  POLYAHINE  LB  FILMS 
Tosliihirn  Suwa.  Yasunari  Nishikata,  Hasa-aki  Kakinioto,  and  Yoshio  Imai 

Department  of  Organic  and  Polymeric  Materials, 

Tokyo  Institute  of  Technology,  Meguro-ku,  Tokyo  152,  Japan 

We  have  prepared  polyimide  and  poly (p-pheny lene  vinylene)  LB  films 
using  "Precursor  method".  In  this  paper,  we  report  the  first  preparation  of 
polyamine  LB  films  containing  no  long  alkyl  chains. 

The  amphiphilic  precursor  polymers  2.  of  polyamines  i  were  syn¬ 
thesised  by  the  condensation  reaction  between  dioctadecyl  succinylsuccinate 
1  and  various  diamines  2.  as  shown  in  eq.  (1).  Polymer  2.  synthesized  from 
tans-I , 4-diaminocyclohexane  was  fairly  stable  in  air  and  soluble  in 
chloroform. 


R :  ^  .  -Q-  ,  Onh-O- 

The  stable  L  film  of  2.  was  obtained,  and  could  be  deposited  onto  solid 
substrates  as  Y-type  films  using  the  usual  LB  technique.  Fig.l  shows  the 
relationship  between  absorbance  at  Amax  (245  nm)  of  absorption  spectra  and 
the  number  of  deposited  'avers  onto  quartz  plate.  The  linear  plots  indi¬ 
cates  that  the  monolayers  o^  2.  are  reproducibly  and  uniformly  transferred 
onto  the  substrate. 

Subsequently,  the  long  alkyl  chain  was  removed  away  by  heat  treatment. 
In  order  to  observe  a  chemical  change  of  the  LB  film  of  polymer  2..  the  films 
were  heated  at  different  temperature  under  reduced  pressure.  The  UV- 
visible  absorption  spectra  and  IR  spectra  indicated  that  the  remarkable 
change  of  chemical  structure  occur»'ed  at  300*C. 

Although  in  the  case  tha„  the  diamines  were  aromatic  amines  such  as 
p-phenylenediamine  and  4 ,4 ’-diaminodiphenylamine  the  polymer  2.  were  easily 
oxidized  in  air,  preparation  of  LB  films  of  polyaraine  i  (polyaniline)  from 
these  aromatic  precursor  LB  films  is  also  discussed. 


Number  of  layers 


Fig.l  Absorbance  at  Amax  of  absorption 
spectra  vs  the  number  of  layers 
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ORIENTED  POLYPEPTIDE  MONOLAYERS  BY  RAPID  SI- . '  ANEOUS  CONDENSATION 
OF  AMPHIPHILIC  AMINO  ACID  ESTERS  AT  THE  AIR-WATER  INTERl^ACE 

Tsutomu  Miyasaka,  Naoyuki  Nishikawa,  and  Mitsunori  Ono 
Ashigara  Research  Laboratories,  Fuji  Photo  Film  Co.,  Ltd. 
Minamiashigara,  Kanagawa  250-01,  Japan 


Amphiphilic  derivatives  of  amino  acid  esters  undergo  topologically 
accelated  self-condensation  when  brought  into  a  monolayer  orientation.^^ 
However  their  reaction  rates  are  still  far  lower  than  a  practical  synthesis 
level  due  to  lacking  in  reactivity  of  the  ester  groups  so  far  employed. 

A  new  monolayer-forming  amphiphile  phenyl  ester  of  amino  acid  derivative 
enables  rapid  self-condensation  forming  peptide  bonds  in  ambient  conditions. 

Polycondensation  of  ^  spontaneously  took  place  on  a  neutral  aqueous 
subphase  at  room  temperature  and  was  completed  in  2  hours.  Progress  of  poly¬ 
condensation  was  visualized  by  scanning  electron  microscope  on  a  Si  wafer, 
which  revealed  morphology  of  laterally  growing  polymer  domains.  IR  absorp¬ 
tion  measurement  enabled  estimation  of  the  rate  constant  of  condensation  based 
on  a  band  peak  analysis.  I  achieved  a  rate  constant  of  7  x  10“^s“^,  which  is  70 
times  larger  than  that  shown  by  a  methyl  ester  derivative.  Topological 
effect  on  the  condensation  rate  was  investigated  for  fluid  monolayers  on 
an  aqueous  subphase,  LB  films  on  an  substrate,  and  non-oriented  cast  films, 
indicating  that  orientation  and  fluidity  are  essential  requisite  to  drive 
this  reaction.  Surface  pressure  of  the  monolayer  _  „  r'urnn.j^^~\ 


accordingly  affected  the  reaction  rate. 
Of  stereochemical  importance  is  that  a 
L-serine  derived  enantiomer  of  I 


Ci8H37-CHCOO-^ 

NH2 


W 

sF 


yielded  a  much  more  homogeneous  film  than  its 
racemic  mixtures  (see  figure) ,  reflecting 
a  better  packing  of  molecules  occurring  in 
^  as  detected  in  F-A  curves.  The  polypeptide 
LB  films  thus  prepared  are  insoluble  in  most 
organic  solvents  and  showed  high  permeation 

resistance  on  an  electrochemical  analysis  racemate  serine  deriv. 

by  cyclic  voltammetry.  polypeptide  monolayers 

1)  for  example,  T.  Folda  et.al.,  Macromol. Chem. Rapid. Commun. ,  3,  167(1982) 
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DIFFUSION  PROCESSES  IN  LB-MULTILAYERS  OF  HAIRY  ROD  MOLECULES 

M.  Schaub,  K.  Mathauer,  S.  Schwiegk,  P-A.  Albouy’,  G.  Wegner 

Max-Planck-Institut  fiir  Polymerforschung,  Postfach  3148, 

D-6500  Mainz,  FRG 

’Laboratoire  de  Physiques  des  Solides,  Universite  Paris-Sud, 

F-91405  Osay,  France 

A  new  type  of  non  amphiphilic  LB-materials  consists  of  rigid 
rod  like  polymers  with  covalently  attached  flexible  alkyl 
chains . 

Substituted  Pclyglutamates,  Phthalocyaninatopolysiloxanes  and 
Cellulose  derivatives  are  some  examples  for  these  new  hairy 
rod  molecules,  which  can  be  used  to  build  up  LB-multilayers 
with  im, proved  thermal  and  chemical  stability. 

The  ability  to  incorporate  guest  molecules  in  the  alkyl  skin 
of  the  stiff  polymers  may  be  useful  for  the  design  of  optical 
waveguides  or  sensor  devices. 

Ir.  order  to  investigate  the  mobility  and  diffusion  processes 
Of  guest  molecules  in  multilayers  and  to  determine  the 
structure  and  stability  of  alternating  bilayer  superlattices 
of  aifferer.t  rod  ,  the  X-ray  reflexion  technique  was  applied. 
This  method  can  be  used  to  analyse,  the  electron  density 
profile  in  multilayers  perpendicular  to  the  substrate. 
Diffusion  processes  of  guest  coinpounds  and  of  polymer  rods  as 
well  as  chemical  reactions  in  multilayer  systems  which  are 
correlated  with  a  change  of  the  electron  density  profile  were 
investigated  in  this  way. 
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X-RAY  PHOTOELECTRON  SPECTROSCOPY  STUDY 
OF  MONOMOLECULAR  FILMS  OF  Q-STATE  NON-STOICHIOMETRIC 

LEAD  SULFIDE  IN  LB  FILMS 

X.  G.  PENG.  Q.  WEI,  Y.  S.  JIANG,  X,  D.  CHAI,  t  Ll  AND  J.  C.  SHEN 
(.DejartmeiU  of  Chemislry,  Jtlai  InwersUy ,  Chaiigohwi ,  130023,  P.  R.  Cnaia) 

Abstract 

The  investigation  on  the  insertion  of  inorganic  compounds  in  organized  assemblies  has 
been  payed  more  and  more  attentions  to  due  to  their  fantasting  solid  state  chemistry  and  poten¬ 
tial  applications  as  semiconducting,  photoelectric  and  quantum  confinement  materials^‘~^^.. 
Following  our  work  to  prepare  non-stoichiometric  copper  sulfide  layers  in  the  polar  planes  of 
LB  monolayers-''-,  lead  sulfide  was  synthesized  with  the  same  method.  X-ray  diffraction,  IR 
and  UV- visible  spectroscopy  revealed  that  it  has  a  monomolecular  film  structure  with  Q-state 
absorption.  These  results  will  be  published  elsewhere. 

X-ray  photoelectron  spectroscopy  (XPS)  shows  that  the  S  !  Pb  ratio  of  the  lead  sulfide 
monomolecular  films  is  about  1.5  '•  1.  The  S2,  binding  energy  peak  of  this  non-stoichiometric 
product  is  at  161.  7  +  0.  2  eV  which  is  higher  than  that  of  bulk  PbS  (S2,  binding  energy  peak 
at  160.  6  eV),  In  the  air,  the  lead  sulfide  monomolecular  films  decomposed  to  lead  stearate 
(LB  films) ,  H2S,  S(element).  The  decomposition  process  was  studed  in  detail.  77  days  after 
Its  exposure  to  air,  about  90%  lead  sulfide  decomposed.  This  property  is  different  from  that 
of  the  surface  of  PbS  bulk  and  Q-state  PbS  small  particles(in  ethylene-15  %  methacrylic  acid 
copolymer).  This  difference  was  considered  due  to  the  structure  of  the  polar  planes  of  the  LB 
films,  the  metastable  phase  (orthorhombic  crystal  form)  of  stearic  acid  LB  films  and  the  struc¬ 
ture  of  lead  sulfide, 
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A  STUDY  OF  PROPERTIES  OF  10, 12-TRICOSADIYNOIC  ACID  LB  FILM 


Yubai  Bai,  Lihua  Li,  Yaru  Wangi  Jun  Yang  and  Daxin  Tang 
(.DefortmeiU  of  Chemistry,  Jdai  VuwersUy,  Chaigduai,  130023,  Ctoia) 

Mingxuan  Gong 

(Jiomusi  Ittstitule  of  Ttdaiclogy,  Jiamusi  154007,  Cimia) 

Abstract 

The  structure  and  properties  of  the  diacetylene  compounds  LB  films  have  widly  been  re- 
searchedi^‘~^l  10, 12-Tricosadiynoic  acid  has  been  synthesized  by  ourselves.  Using  LB  film 
trough,  the  monolayers  are  spread  on  the  water  and  CdCL  subphase.  Its  pressure- area 
isotherms  are  recorded.  The  collapse  pressures  are  14  and  38  mN/m  on  the  subphase  of  pure 
water  and  CdC^,  respectively.  This  is  due  to  that  cadmium  diynoate  is  obtained,  the  film  is 
more  stable.  In  a  general  CdCb  subphase,  the  monolayer  is  transferred  onto  quartz,  CaF2  and 
silicon  substrate. 

From  the  linear  dichroism  IR-spectra  of  cadmium  diynate  LB  films  we  found  that  vco  of 
the  acid  is  shifted  near  1550  cm~‘.  This  further  illustrates  that  the  cadmium  salt  LB  films 
have  been  formed.  The  molecular  orientation  in  the  cadmium  salt  LB  films  have  been  gained 
through  an  analysis  of  the  dichroic  behavior  of  infrared  absorption  spectra.  The  results  were 
shown  in  Table  1.  .-Xftcr  irradiation  using  UV  light,  the  molecular  orientation  was  changed  in¬ 
to  slight  straight(also  see  Table  1). 

We  have  made  a  systematic  study  on  photo-polymeric  characteristic  of  the  cadmium  salt 
LB  films.  Using  30W  low  pressure  mercury  light,  the  sample  is  put  at  a  distance  of  15  cm 
from  the  light.  After  irradiation  for  5  sec.  ,  a  weaker  absorption  peaks  appears  in  about  650 
r.m.  After  irradiation  going  beyond  20  min,  the  blue  colour  is  not  continuously  deepened  and 
'..he  absorption  is  not  increased,  this  shows  that  the  polymerization  is  not  increased  and  the 
pol>  merization  has  been  finished.  If  a  multilayer  in  its  bule  form  is  treated  by  ethanol  or  chlo¬ 
roform.  an  immediate  and  irreversible  color  change  to  bright  red  is  induced,  absorption  peaks 
arc  shifted  to  about  550  nm. 


Table  I  The  orientation  angles  of  major  transition  hands  in  the  cadmium  diynoate  salt  LB  films 


Wo'elcngTh(cm '  ‘ ) 

Ajsignmeni 

Befor  irraduiion 

After  irradiation 

2919 

►.(CH,) 

65.  7  v*  5 

70.4  v-26.6 

IfrZi 

‘.(CHj) 

68.5 

72.7 

IS40~1.S29 

».(coo-) 

62.6 

82.5 

M07 

v,(COO-) 

85.2 

66.  1 
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THE  PREPARATION  AND  PROPERTIES  OF  COLLOIDAL  CdS  LB  FILMS  § 

Zhijun  Zhang,  Zuliang  Du,  Xiaodong  Ma,  Chengxue  Zhao*,  Zhensheng  Jin#  &  Ziqiang  Zhu 
(Dept,  of  Phys.  Henan  Univ.  Kaifeng  ;  *  Dept  of  Giem.  Hua  Zhong  Univ.  of  Science  and  Technology,  Wu 
Han  ;  #  Lan  Zhou  Chemical  Physics  Inst  Academia  Sinica ;  PRA) 

Quantum  size  particles  exhibit  many  novel  properties.  In  the  present  paper,  we  use 
the  semiamphiphilic  method  to  confine  coUoidal  CdS  particles  into  LB  films  and  study  their 
properties  by  fluorescence  spectroscopy. 

The  colloidal  CdS  is  prepared  as  following  :  300  ml  of  CdCl2  lO'^^M  in  18MO 
deionized  water  are  placed  in  a  5(X)  ml  flask.  Pure  H2S  gas  is  bubbled  into  the  solution,  which 
is  stirred  at  high  speed.  When  the  solution  turns  yellow,  the  H2S  injection  is  stopped.  The 
stirring  is  carried  on  30  mn  further .  The  solution  is  then  Altered  through  a  high  speed  filter 
paper.  The  resulting  filtrate  is  the  desired  colloidal  solution. 

A  freshly  prepared  colloidal  solution,  diluted  with  deionized  water,  is  used  as  a 
subphase  in  an  ATEMETA  LB  105  trough.  A  chloroform  solution  of  4-n-octadecacyloxy 
benzene  trifluoro  acetone  is  spread  onto  the  colloidal  CdS  subphase  and  compressed  in  one 
hour.  This  particular  amphiphilic  molecule  has  been  chosen  because  it  prevents  the  growth  of 
large  clusters  of  CdS,  which  is  induced  by  ionic  forces.  It  is  believed  that  the  colloidal  CdS 
particles  can  only  be  adsorbed  on  the  LB  monolayer  through  Van  der  Waals  interaction.  The 
colloidal  solution  and  the  resulting  LB  film  exhibit  similar  excitation  spectra,  but  the  emission 
behaviour  appear  slightly  different.  The  colloidal  CdS  solution  exhibits  a  unique  sharp 
fluorescence  peak  at  436  nm,  and  a  broad  shoulder  which  extends  to  600  nm.  The  CdS 
containing  LB  film  exhibits  three  peaks  at  418, 436  and  464  nm  respectively.  The  first  is  the 
strongest  one,  which  indicates  that  the  CdS  particles  are  actually  confined  by  the  matrix. 
This  is  confirmed  by  the  peak  at  464  nm.  Besides,  the  emission  band  appears  narrower  than  the 
one  of  the  colloidal  solution,  which  means  that  large  particles  are  not  easily  adsorbed  on  the  LB 
film. 

All  the  results  show  that  the  LB  matrix  is  a  good  medium  to  confine  colloidal 
particles.  It  appears  hardy  possible  to  modify  the  size  of  the  confined  particles  by  this  method. 


§  The  Project  is  supponed  by  Wang  Kuan  Cheng  Education  Fundation 
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ELECTRICAL  PROPERTIES  OF  COPPER  SULFIDE  SEMICONDUCTORS 
INSERTED  IN  LANGMUIR-BLODGETT  (LB).  FILMS 


J.  LELOUP,  A.  RUAUDEL-TEIXIER,  A.  BARRAUD 
CEA  -  Saclay,  Service  de  Chimie  Moleculaire 
91191  GIF  SUR  YVETTE  CEDEX 
France 


We  report  electrical  and  physical  properties  of  copper  sulfides 
built  in  situ  by  chemical  reactions  in  the  polar  planes  of  behenic  acid 
multilayers  obtained  by  the  LB  method. 

By  this  way  conducting  samples  can  be  obtained  in  the  range 
IO8-IO''  D  ( a  ~  10*3  - 10*6  S.  cm‘1)  for  twenty  layers  films.  Samples 
of  inserted  copper  sulfides  exhibit  also  photoconduction.  A  study  of  the 
current  versus  the  applied  potential  have  shown  almost  linear  variation 
for  about  four  order  of  magnitude  (from  10*3  V  to  10  V). 

When  keeped  in  air,  samples  do  not  remain  conducting  after 
several  days.  But  under  high  vacuum  (10*6  torr)  (or  under  static  vacuum 
after  pumping  under  high  vacuum),  samples  can  remain  conducting  during 
several  years. 

Sometime  under  this  last  condition,  uncontrolled  doping  can 
occur ;  the  resistance  then  drops  by  about  four  orders  of  magnitude  in  a 
few  months.  Typically,  samples  of  resistance  less  than  105  n  have  been 
obtained  whose  resistivity  is  estimated  to  he  less  than  1  Q  cm. 

Studies  of  resistance  versus  temperature  have  shown  a 
degenerate  semiconducting  behaviour  for  a  sample  of  resistance  less  than 
105  n  and  a  semiconducting  one  with  a  shallow  level  of  impurity  or 
defect  (at  about  50  meV)  for  a  sample  of  resistance  4.1  o5  n  at  300  K. 

Some  other  properties  and  problems  of  fabrication  will  be 


discussed. 
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INORGANIC  MONOLAYERS 
INSERTED  IN  AN  LB.  MATRIX. 

H.  PEREZ.  A.  RUAUDEL-TEIXIER,  M.  ROULLIAY 

CEA  -  Saclay.  Service  de  Chimie  Mol6culaire 
91191  GIF  SUR  YVETTE  CEDEX 
France 

This  paper  describes  the  first  attempts  and  results  regarding  the 
synthesis  of  monolayers  of  metallic  thiohypodiphosphates  M2P2S6 
(M2+,P2S6^-),  inserted  in  a  LB  matrix.  Three  synthetic  routes  are 
investigated  with  that  aim. 

1.  The  synthesis  of  an  amphiphilic  compound  containing  a 
protonated  form  of  the  P2Se^-  anion  associated  with  an  organic  cation 
(namely  N-docosyl  trimethyl  ammonium:NDTA)  is  achieved.  The 
corresponding  Langmuir  film  is  transferred  onto  silicon  substrates.  Then 
the  diffusion  of  an  aqueous  solution  of  CdCl2  in  the  LB  matrix  produces  the 
precipitation  of  Cd2P2S6  in  the  polar  planes.  But  the  poor  quality  of  the 
transfert  associated  to  the  slight  chemical  instability  of  the  film,  does 
not  give  highly  satisfactory  results  regarding  the  purity  and  the  amount  of 
the  inorganic  compound  inserted. 

2.  The  same  amphiphilic  compound  used  in  the  first  route  is 
synthesized  by  ionic  exchange,  at  the  air/water  interface  of  the  Langmuir 
trough.  The  reaction  takes  place  between  a  monolayer  of  NDTA  bromide  and 
Na4P2S6,6H20  dissolved  in  the  aqueous  solution  of  Na2HP04  used  as 
subphase.  The  resulting  film  is  stable  and  transferred  onto  silicon  slides. 
Aqueous  diffusion  of  CdCl2  produced  Cd2P2S6  inserted  as  monolayers  in 
the  polar  planes.  X-Ray  and  XPS  analysis  confirm  this  result. 

3.  LB  films  of  cadmium  behenate  are  prepared  on  silicon 
substrates.  The  diffusion  of  aqueous  solution  of  Na4P2Se,6H20  in  the  polar 
planes  precipitates  mixtures  of  Cd2p2Se  and  CdS  .The  side  reaction  is 
attributed  to  traces  of  82*  species  provided  by  the  chemical  attack  of 
the  P2S6^*  anion. 

From  the  three  experiments  worked  out  in  this  study  the  second 
route  proved  to  give  the  best  results. 
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SCANNING  TUNNELING  MICROSCOPIC.  OPTICAL. 

AND  ^rANNING  TUNNELING  SPECTROSCOPIC  CHARACTERIZATION  OF 
SIZE-QUANTIZED  CADMIUM  SELENIDE  PARTICULATE  FILMS 

IN  SITU  GENERATED  AT  MONOLAYER  INTERFACES. 

Xiao  Kang  Zhao,  Lany  D.  McCormick,  and  Janos  H.  Fendler 
Department  of  Chemistry 
Syracuse  University 
Syracuse,  New  York  132444100 

Cadmium  selenide  (CdSe)  particulate  semiconductor  films  were  in  situ  generated 
at  positively  charged,  dioctadecyldimethylammonium  bromide  (DODAB)  monolayers 
floating  on  an  aqueous  subphase  which  contained  appropriate  concentrations  of  sodium 
selenosulfate  and  cadmium  nitrilotriacetate.  DODAB-monolayer-supported,  300400  A 
thick,  CdSe  particulate  films  were  quantitatively  transferred  to  solid  supports  by 
horizontal  lifting.  Absorption  spectra  showed  shoulders  at  60S  nm  and  absorption  edges 
at  646  nm,  which  led  to  the  assessment  of  a  direct  band-gap  of  1.92  eV  and  65  ±10  A 
for  the  diameter  of  the  particles  in  the  CdSe  particulate  film.  Heating  at  280°C  for  five 
minutes  shifted  the  absorption  edge  to  a  longer  wavelength  and  the  direct  band-gap  to 
that  corresponding  to  bulk  crystalline  CdSe  (1.73  eV).  Dark  resistivities  of  a  glass- 
supported  CdSe  particulate  film  were  also  observed  to  decrease  fi'om  10^-10^  Dcm  to 
1-10  Qcm  upon  heating.  The  increased  conductance  accompanying  annealing,  along  with 
the  recovery  of  the  bulk  band-gap,  substantiates  the  proposed  size  quantization  in  CdSe 
particulate  films  prepared  at  DODAB  interfaces.  Scanning  tunneling  microscopic  images 
indicated  the  presence  of  interconnected  CdSe  particles  with  50-60  A  mean  diameters. 
Current-voltage  (I-V)  and  differential  conductance  vs,  voltage  (dl/dV  vi.  V)  tunneling 
spectra  of  CdSe  particulate  films  were  determined  in  air.  Tbe  obtained  data  indicated 
n-type  Schottky  behavior,  sample-  and  tip-distance-dependent  band  bending,  and  around 
2.0  eV  band-gap  energies. 

Support  of  this  research  by  grants  from  the  National  Science  Foundation  and  the 
United  States  Army  Research  Office  is  gratefully  acknowledged. 
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TWO-DIMENSIONAL  STRUCTURES  IN  POLYMERIZED  MONOMOLECULAR  FILMS 

R^  ROLANDI .  S.  DANTE,  A.  GUS^ONI,  L.  MAGA*  and  M.  ROBELLO 
Department  of  Physics  and  *Institute  of  Chemical  Engineering, 
University  of  Genoa 

Fluorescence  microscopy  images  of  UV  irradiated 
monomolecular  Langmuir-Blodgett  films  of  the  styrene- 
functionalized  surfactants,  bis[2-(n-hexadecanoyloxy) ethyl ]methyl 
(p-vinylbenzyl) ammonium  chloride  and  di-n-octadecylmethyl (p- 
vinylbenzyl) ammonium  chloride,  show  structural  domains  of 
polymerized  molecules. 

The  shapes  and  sizes  of  the  domains  have  been  studied  by  an 
image  analysis  system. 

If  the  photopolymerization  is  performed  at  constant  surface 
pressure,  the  mean  area  of  the  domains  depend  on  the  irradiation 
time  and  the  rate  of  the  domain  increase  is  correlated  to  the 
polymerization  kinetics. 

The  polymerization  surface  pressure  effects  the  domain 
shape. 

The  dependence  of  the  film  viscosity  on  the  domain  sizes  was 
also  studied. 


long  term  applications 
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QUALITATIVE  CHARACTERIZATION  OF  ENZYME  ADSORBED 
TO  L-FILM.  AND  ITS  APPLICATION  TO  AN  UREA  SENSOR 

Shun-lchi  Arisava  and  Ryoichi  Yamamoto 
Center  for  Adfonced  Science  and  Techno Lofi/, 

The  University  of  Tokyo. 

.k'oma'oa,  .Veguro-ku.  Tokyo  153.  Japan 

Various  kinds  of  biosensors  have  been  developed  and  some  of  them 
are  now  commercialized.  Almost  all  studies  to  date,  however,  are  mainly 
concentrated  on  the  practical  aspects  and  the  structure  of  films  on  bio¬ 
sensors  constructed  by  the  LB  technique  is  not  fully  understood.  To  clari¬ 
fy  the  relationship  between  the  structure  of  the  film  adsorbing  enzyme  and 
its  characteristics  as  a  sensor,  the  following  experiments  were  performed 
in  this  paper: 

’..  The  amount  of  enzyme  adsorbed  to  L  film  was  measured  as  a  func- 
titn  of  the  concentration  of  enzyme  dissolved  in  a  subphase.  The  concen- 
trati-cns  of  urease  and  glucose  oxidase  adsorbed  to  stearylamine  and  cety- 
i'-ine  .monolayer  at  the  air-water  interface  were  measured. 

2.  The  density  of  pinholes  existing  in  the  cadmium  stearate  LB  films 
was  estimated  by  the  copper  decoration  method. 

3.  An  urea  sensor  was  constructed  by  i.mmobili2ing  urease  on  an  ISFET 
and  t.he  characteristics  was  evaluated. 

The  :'psults  are  summarized  as  follows: 

Tlie  Langmuir's  adsorption  isotherm  was  used  to  evaluate  the  quantity 
of  tne  adsorbed  enzymes.  The  equation  which  treats  the  monolayer  case  of 
ELI'S  adsorption  isotherm  can  be  written  as  follows: 

N'a  C=  (Ns/0)p/  ( (Ns  0)(2nkT)^'’“e.xpi-  0/kTi*p).  (1 ) 

whri'c  Na  number  of  adsorbed  molecules.  Ns  number  of  adsorption  sites.  0 
arra  the  adsorption  surface,  p  pressure  of  gas.  m  molecular  weight  of 
e:s::’'i:ent .  and  0  activation  energy,  respectively,  '.ve  have  modified  the 
eo,  to  appiy.it  to  the  problem  of  adsorption  of  enzyme  to  a  Langmuir 
mcr.o.ayer.  Pressure  p  was  replaced  by  akT  where  a  is  the  activity  of 
er.cvme  and  further,  substituted  by  concentration  c.  Then  the  eq.  (H  can 
sir.piv  rewritten  as 

Na=0;Ns+A/C.  (2) 

whi;’s  A  is  a  constant  at  a  fixed  temperature.  The  density  of  adsorption 
sites  can  be  obtained  from  the  eq.  (2)  as  Ns  0. 

Density  of  pinholes  in  the  cadmium  stearate  LB  films  measured  by  the 
copper  decoration  method  was  interpreted  based  on  a  simple  model  of  pin¬ 
holes.  The  depression  of  pinholes  was  realized  by  annealing. 

The  Langmuir ■ s  adsorption  isotherm  did  not  hold  only  for  the  cetyla- 
mioe-  giucoseoxidase  case.  It  is  shown  that  in  the  other  three  cases,  the 
quantity  of  adsorbed  enzyme  to  LB  films  obeys  to  the  Langmuir's  adsorption 
isotherm,  and  that  the  average  area  of  adsorption  site  corresponds  to  the 
c-'css  section  of  urease.  Thus  we  can  conclude  that  the  L-film  adsorbs  only 
monomclecular  film  in  these  oases.  The  sensitivity  and  response  of  the 
urea  sensor  were  measured.  It  is  shown  that  these  factors  can  be  con- 
I’-cllsd  by  changing  the  number  of  covering  layers  of  cadmium  stearate  LB 
fims.  The  characteristics  of  the  sensor  was  improved  by  depositing  cover¬ 
ing  layers  of  cadmium  stearate,  which  is  concerned  with  the  density  of 
pi.nholes  in  cadmium  stearate  LB  films. 
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Ui-l.AT  lONSIl  I P  BETWEEN  STRUCTURE  AND  FUNCTION  OP  A  BUILT-UP  FILM  OP 
AMPHIPHILIC  N1 -PIITHALOCYAN INE  RESPONSIBLE  FOR  NO^ 
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baura,  Minaio-ku._  Tokyo  .105,  Japan.  '•Department  of  Chenlatry,  Kwansei. 
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of  Physics,  Faculty  of  Science  and  Engineering,  Chuo  University, 

Kasuga,  Bunkyou-ku,  Tokyo  105,  Japan 


It  has  generally  been  recognized  that  an  appropriate  morphologi¬ 
cal  regulation  of  a  L an gmu  1  r -B 1 od ge 1 1  (LB)  film  system  should  alio* 
ih'  .  p  t  i  m  i ;;  a  i  i  on  of  film  properties  for  their  practical  use.  To  our 
kn  .no*i',‘ver,  there  has  been  no  report  that  the  morphological 

regulation  of  the  film  structure  could  allow  the  practical  use  of  an 
LU-iiin.  Recently,  we  added  a  new  replica  method  for  transmission 
(tli'Ciiuii  microscopy  (TEM)  in  order  to  visualize  the  surface  micro- 
E I  r  u '  u  r  e  of  an  LB-filra'  The  replica  technique  have  allowed  us  to 
stud.,  the  surface  micro-structure  of  an  LB-fllm  system  on  the  nano¬ 
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lion,  we  developed  a  family 
ic  Ni -ph t ha locyan i nes.  They  are 
for  NO,  and  tend  to  form  their 
the  surfac''  of  distilled  water 
to  be  deposited  onto  a  solid 


ate  such  a.s  glass  and  gold.  Chemical 
ure  if  one  of  them  (Pc4)is  shown  in  Fig. 
(■  found  that  the  response  of  the  LB-fllm 
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system  for  NO^ 


was 


(a) 


(b) 


!y  dependent  on  the  surface  film-structure  on  the  electron 
copic  .cale.  Fig.  2  (a)  shows  a  replica  image  of  a  gap  cell, 
surface  was  covered  with 
!’c4  monolayers  according 
‘  ■  r  t  .  c  a  I  dipping  t  ech n  i  q  tie. 

I. 'i  i'  rain- like  patterns  were 
yi'd.  Electron  microscopic 
it  ions  revealed  that  the  I.B- 
s  l  em  having  its  smooth 
(•  tended  to  Increase  Its 
se  for  N0>.  Fig  2  (b)  shows  a 
a  image  of  a  gap  cell,  on  which 
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400 nm 

Fig. 2 

a  single  Pc4  monolayer  was  depo- 
according  to  the  subphase-lowring  technique*'.  The  gap  cell, 
replica  image  is  shown  In  Fig,  2  (b).  could  be  electrically 
slble  for  NO... 

he  mo rpho !  og i ca 1  regulation  of  the  film  structure  on  the  elcct- 
rroscopic  scale  could  allow  the  optimization  of  the  film  func- 


f  ion, 

1  )  Chi  m  Let  t.  .  (  1  9  89  )  1  219.  2  )  Chem.  I.-it 


(1990)  855. 
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PATTERN  FORMATION  AND  PHOTOPHYSICAL  APPLICATIONS  OF  LB-MULTILAYERS 

BASED  ON  POLYGLUTAMATES 

K.  Mathauer,  A.  Mathy,  M.  Schaub,  C.  Bubeck  und  G.  Wegner 

Max-Planck-Institut  fiir  Polymer forschung, 

Postfach  3148,  D-6500  Mainz,  FRG 


Poly[ (methyl-L-glutainate)-co-(octadecyl-L-glutamate) ]  with  an 
amount  of  the  long  chain  component  of  30  to  60  %  is  an  excellent 
material  to  form  highly  ordered  LB-multilayers .  The  side  chains 
are  in  a  fluid  phase  which  prevents  formation  of  grain  boundaries 
and,  thus,  multilayers  with  a  thickness  in  the  range  of  the  wave¬ 
length  of  light  are  low  loss  optical  waveguides. 

The  introduction  of  functional  groups  into  the  "side  chain  matrix" 
allows  for  specific  interactions  and/or  reactions  between  the 
parallel  oriented  a-helices  in  the  layers. 

Side  chains  with  photoactive  cinneunoyl  groups  lead  to  cross- 
linkable  mono-  and  multilayers.  The  reaction  was  monitored  at  the 
air/water  interphase  following  the  effect  of  irradiation  by  UV- 
light  on  surface  pressure  and  area.  UV-  and  FTIR-  spectroscopy  and 
X-ray  reflection  was  applied  to  investigate  the  crosslinking  of 
the  multilayers. 

Waveguide-mode  loss  measurements  of  multilayers  up  to  700  layers 
gave  values  in  the  range  of  2  -  12  dB/cm  depending  on  various 
parameters . 

Pattern  formation  can  be  achieved  by  UV-  or  electron  beam 
irradiation.  The  chloroform  developed  structures  have  been 
characterized  by  optical  and  scanning  electron  microscopy. 


FP4 


POLYD I ACETYLENE  MONO-  AND  MULTILAYER  LB  FILMS  AS  E-BEAM  RESISTS: 

SEM  AND  RAMAN  IMAGES 

R.V.  Sudiwala  ,  C.  Cheng  and  D.N.  Batchelder 

Department  of  Physics,  University  of  Leeds,  Leeds  LS2  9JT,  UK 

« 

Department  of  Physics,  Queen  Mary  &  Westfield  College,  Mile  End  Road 
London  El  4NS.  UK 

Mono-  and  multilayer  films  of  10, 12-pentacosadyinoic  acid  (PCDA) 
diacetylene  have  been  prepared  by  the  Langmulr-Blodgett  technique. 
Patterns  with  sub-micron  dimensions  have  been  written  on  the  films  using 
an  electron-beam  lithography  system.  The  quality  of  the  patterns  has  been 
verified  by  scanning  electron  microscopy  and  Raman  microscopy^.  The 
latter  Images  were  formed  on  a  CCD  camera  by  light  which  had  been  Raman 
scattered  by  po 1 yd i acetylene  molecules.  Polymerization  of  the  diacetylene 
monomer  had  been  induced  by  the  electron  beam  or  subsequent  UV 
polymerization.  The  1455  cm’^  Raman  band  producing  the  image  was 
resonantly  enhanced  as  the  incident  HeNe  laser  beam  was  within  the 
optical  absorption  band  of  the  polymer. 

The  ability  of  the  polymerized  films  to  act  as  a  resist  has  been 
demonstrated  by  depositing  them  onto  slides  which  were  coated  with  an 
evaporated  aluminium  layer.  When  the  specimens  were  etched  with  alcoholic 
sodium  hydroxide  solution,  the  aluminium  layers  were  xinaffected  in  areas 
which  were  protected  by  a  polydiacetylene  film. 

1.  D.N..  Batchelder,  B.J.E.,  Smith  and  C.  Cheng,  Prcc.  XII  Intern.  Conf. 
of  Raman  Spectroscopy,  edited  by  J.R.  Durig  and  J.F.  Sullivan,  1990, 
pp. 836-837. 
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THE  BIOMIMETIC  PROPERTY  OF  GAS-SENSITIVE  FILMS 
FOR  ODORANTS  CONSTRUCTED  BY  THE  LB  TECHNIQUE 

Michihiro  OHNISHI,  Coe  ISHIMOTO,  and  Jun-etsu  SETO 

SONY  Corporation  Research  Center,  17A  Fujitsuka-cho,  Hodogaya-ku, 

Yokohama-shi,  Kanagawa-ken,  240,  Japan 

The  smell  of  odor  gas  is  sensed  by  the  adsorption  of  odor  molecules 
onto  the  cytoplasmic  membrane  of  olfactory  cells(l).  An  LB  film  bears  a 
multi-layer  structure  of  a  surface  monolayer,  and  is  similar  to  the 
cytoplasmic  membrane. 

As  a  gas-sensitive  film,  an  LB  film  is  ultra-thin.  So,  it  was 
considered  that  the  amo  nt  of  adsorbed  odor  gas  would  be  very  small,  and 
that  it  would  be  difficult  to  measure  this  weight.  Thus,  a  surface  acoustic 
wave  (SAW)  device  was  used.  The  weight  change  on  the  surface  of  an  SAW 

device  in  an  oscillator  can  be  determined  by  the  frequency  change(2).  The 
SAW  device  covered  with  an  LB  film  detected  the  adsorption  of  odor 
molecules  of  nano-gram  order  per  one  square  centimeter. 

The  Hansch-Fujita  fc:.uation  of  the  quantitative  structure-activity 
relationship  is  widely  used  in  drug-design(3) .  This  equation  uses  physico¬ 
chemical  parameters  such  as  hydrophobic,  electronic,  or  steric  as 

structural  parameters,  and  the  sum  of  these  parameters  determines  the 

physiological  or  pharmacological  activity.  Many  kinds  of  activities  related 
to  the  cytoplasmic  membrane  are  described  by  this  equation. 

Thus,  LB  films  possessing  various  values  of  structural  parameters  were 
deposited  onto  SAW  devices,  and  the  property  of  the  adsorption  of  odor 
gases  was  studied.  It  was  investigated  whether  the  Hansch-Fujita  equation 
would  be  applicable  to  not  only  the  cytoplasmic  membrane  but  also  to  the  LB 
film.  One  of  the  structural  parameters  was  varied,  and  the  change  in  amount 
of  adsorption  was  determined.  The  amount  of  adsorption  was  linearly  related 
to  each  parameter.  And  the  amount  of  adsorption  could  be  described  by  the 
hydrophobic  and  electronic  parameter.  When  a  linear  multiple  regression 

analysis  was  applied  to  the  relation  between  the  amount  of  adsorption  and 
the  parameters,  the  multiple  correlation  coefficient  was  nearly  1.00.  This 
result  shows  the  amount  of  adsorption  can  be  described  by  the  structural 
parameters  of  the  Hansch-Fujita  equation. 

This  result  demonstrates  that  a  biomimetic  gas-sensitive  film, 
possessing  properties  similar  to  the  cytoplasmic  membrane,  could  be 
realized  by  the  LB  technique. 

(1)  Kashiwayanagi,M.and  K.Kurihara, Brain  Res. ,359:97, (1985) . 

(2)  Snow,A.W.et  al. ,Langmuir,513, (1986) . 

(3)  Hansch,C.and  T.Fu.jita,  J.Am.Chem.Soc.  ,86, 1616(1964) . 
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PROPERTIES  OF  LIQUID-CF YSTAL  CELLS  OF  PYROLIZED  POLYIMIDE  LB  FILMS 

Takahisa  Akatsuka.  Hideaki  Tanaka  and  Jiro  Toyama, 

Nippon  Mektron,  Ltd.,  Kukizaki,  Ibaraki  300-12  (JAPAN) 

Takayoshi  Nakamura,  Mutsuycshi  Matsumoto  and  Yasujiro  Kawabata 
National  Chemical  Laboratory  for  Industry,  Tsukuba,  Ibaraki  305  (JAPAN) 

The  conductive  Langmuir-Blodgett  (LB)  films  are  interesting  from  the 
viewpoint  of  ultrathin  organic  conductors..  For  the  application  of  LB  films 
to  electronic  devices,  it  is  necessary  to  construct  highly  conductive  LB 
films  with  stability.  We  have  recently  reported  the  pyrolysis  of  LB  films 
of  aromatic  polymers  [1,2].  The  highly  conductive  LB  films  were  obtained 
by  the  pyrolysis  of  polyimide  LB  films  at  1000R3  in  vacuum  or  under 
nitrogen  atmosphere  for  60  min.  The  films  showed  the  conductivity  of  as 
high  as  300  S/cm,  depending  on  the  thickness  of  the  precursor  films.  The 
surface  of  the  film  was  smooth  and  uniform  revealed  by  SEM.  The  films  were 
stable  under  ambient  conditions  over  months.. 

In  this  paper,  we  describe  the  properties  of  liquid  crystal  cells 
usitg  the  pyrolitic  polyimide  LB  films  as  orientation  filrs  and  electrodes. 
The  nematic  liquid  crystal,,  Merck  E-7  (Merck  Japan  Inc.)  was  used  to  fill 
the  gap  between  the  inner  surfaces  of  quartz  plates  coated  with  pyrolitic 
polyimide.-  The  thickness  of  the  LC  layers  was  9  )im.  The  electrooptic 
performance  of  the  LC  cells  will  be  reported  by  examining  the  effect  of  the 
layer  number  of  the  LB  film  and  the  temperature  of  pyrolysis. 


(Dminical  .struciure  of  polyimide. 
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Fabrication  of  Fine  Patterns  by  Positive-working  Resists 
Using  a  Polyimide  Langmuir-Blodgett  Film  System 


Mitsumasa  Iwamoto*,  Shi  geo  Kasahara*.  Keiji  Iriyama**, 

Yasunari  Nishikata^*,  Masaaki  Kakimoto***  and  Yoshio  Imai^'" 

*  Dept.  Electrical  and  Electronic  Engineering, 

Tokyo  Institute  of  Technology, 

2-12-1, 0-okayama,  Meguro-ku,  Tokyo  152,  Japan. 

*  Organic  materials  Lab.,  Fujitsu  Laboratories  Ltd., 

10-1  Morinosato  Wakamiya,  Atsugi,  Kanagawa  243-01,  Japan. 

**  Division  of  Biochemistry,  Institute  of  Medical  Science, 

The  Jikei  University  School  of  Medicine, 

Minato-ku,  Nishi-Shinbashi,  Tokyo  105.  Japan. 

***  Dept,  of  Organic  and  Polymeric  Materials, 

Tokyo  Institute  of  Technology, 

2-12-1, 0-okayama,  Meguro-ku,  Tokyo  152,  Japan. 

It  is  expected  that  a  high  resolution  will  be  achieved  by  preparing 
thermally  stable  ultrathin  organic  films  without  pinholes  on  the  substrate  in 
a  microlithographic  technique.  For  microstructure  fabrication,  it  is  desir¬ 
able  for  ultrathin  films  themselves  to  be  photosensitive,  which  allow  fine 
patterns  to  be  easily  fabricated  with  them.  In  this  work,  multilayer  films  of 
polyimide  containing  disilane  unit  were  prepared  on  substrates  by  the  novel 
technique  coupled  with  the  conventional  LB  technique,  which  was  originally 
developed  by  Kakimoto  et  al.[l,2],  and  then  applied  to  KrF  excimer  resists. 
The  films  were  found  to  be  nearly  pinhole-free  and  the  monolayer  thickness 
was  about  0.5  nm.  The  multilayer  films  prepared  on  both  CaFj  substrates  and  Si 
substrates  were  exposed  by  the  radiation  of  deep  UV  light  with  a  wave  length 
of  248  nm  at  an  interval  of  5  msec  using  a  KrF  excimer  pulse  laser,  whose  ir¬ 
radiation  energy  was  0.18  mJ/cm^.  It  was  concluded  from  the  IR  and  UV-visible 
spectra  that  the  photochemical  reaction  has  occurred  in  the  PI  LB  films,  due 
to  the  scission  of  disilane  bonds  in  the  back  bone  of  PI  molecular  unit.  After 
the  exposure,  the  films  were  developed  by  soaking  the  substrate  in  a  1:1 
DMAc: ethanol  solution.  It  was  found  that  no  PI  LB  films  with  deep  UV  irradia¬ 
tion  remain  after  the  development,  whereas  PI  LB  films  without  the  UV  irra¬ 
diation  remain  as  deposited.  Finally,  Si  substrates  covered  with  a  21-layered 
PI  LB  film  were  exposed  through  a  photomask  using  a  deep  UV  laser  stepper  for 
the  fabrication  of  fine  patterns.  We  concluded  that  positive  fine  patterns 
with  a  resolution  of  0.25)lm  lines  and  spaces  were  able  to  be  fabricated. 

[1] M. Suzuki  et  al.,  Chem.  Lett.  (1986)395. 

[2] M. Kakimoto  et  al.,  Chem.  Lett.  (1986)823. 
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Transduction  of  Chemical  Signals  to  Optical  Signals 
by  using  Multibilayer-Deposited  Optical  Fiber 

Nobuvuki  HIGASHI.  Tctsu  YAMAMOTO,  and  Masazo  NIWA 

Department  of  Applied  Chemistry,  Faculty  of  Engineering, 
Dosbisba  University,  Kamikyo-ku,  Kyoto  602  Japan 

We  have  found  for  the  first  time  that  the  water-insoluble  multibilayer 
(polyion  complex)-deposited  plastic  optical  fiber  (POP)  provides  remarkable 
phase  transition  temperature  dependence  of  the  optical  signal,  resulting  from 
the  change  of  refractive  indexes  of  the  bilayer  phase. ^ 

It  is  well  known  that  the  conformation  of  poly(methacrylic 
acidXPMAA)  changes  drastically  by  varying  pH  based  on  protonation  or  de¬ 
protonation  of  the  carboxyl  groups.  Thus,  we  designed  a  triblock  polyanion 
containing  PMAA  segment  and  prepared  the  polyion  complex  (S10M49S10/I) 
of  this  triblock  polyanion  and  the  cationic  amphiphile,  which  was  then  immo¬ 
bilized  on  POP  as  schematically  depicted  in  Pig.  1.  The  optical  signal  through 
the  modified  POP  thus  obtained  showed  a  marked  phase  transition  temperature 
(42°C)  dependence  which  was  also  observed  in  the  refractive  index  of  the 
multibilayer.  The  modified  POP  provided  reversible  optical  signal  changes, 
responding  to  pH.  The  extent  of  such  a  pH-response  was  controlled  by  the 
phase  transition  temperature  of  the  matrix  membrane.  These  phenomena  were 
attained  due  to  a  combination  of  the  conformational  property  of  polymer  and 
the  change  of  the  membrane  physical  state  (refractive  index),  which  was 
induced  by  the  conformational  transition  of  the  polymer.  Influences  of  the 
other  chemical  additives  for  the  optical  responses  are  also  discussed, 
i  M.  Niwa,  T.  Yamamoto,  N.  Higashi,  Chem.  Lett.,  1990,  1603. 


Pig.  1.  Transduction  of  chemical  signals  to  optical  signals 


pss  /  (1 ) 
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ORGANIC  ELECTROLUMINESCENT  DEVICE 
WITH  CYANINE  DYE  LANGMUIR-BLODGETT  FILM  AS  AN  EMITTER 


Masanao  Era,  Chihaya  Adachi,  Tetsuo  Tsutsui,  and  Shogo  Saito 
Department  of  Materials  Science  and  Technology,  Graduate  School  of 
Engineering  Sciences,  Kyushu  University,  Kasuga-shi,  Fukuoka  816,  Japan 


Using  the  Langmuir-Blodgett  (LB)  tech¬ 
nique,  we  fabricated  a  electroluminescence  (EL) 
cell  with  a  molecular-size  emitting  layer. 

The  EL  cells  consisted  of  indium  tin  oxide 
(ITO)  electrode,  diamine  (TAD)  hole  transport 
layer  (HTL),  cyanine  dye  (OCD)  LB  film  as  an 
emitting  layer  (EML),  oxadiazole  (PBD)  electron 
transport  layer  (ETL)  and  MgAg  electrode 
(Fig.l).  Firstly,  TAD  layer  was  vacuum- 
deposited  on  ITO  substrate.  Then,  OCD  mono- 
layers  were  deposited  on  the  substrate  by  the 
LB  technique.  At  last,  PBD  layer  and  cathode 
MgAg  layer  were  successively  vacuum-deposited. 
Thickness  of  TAD  and  PBD  layers  was  50  nm. 

OCD  formed  J-aggregate  in  LB  film.  Absorp¬ 
tion  peak  (550  rm)  of  OCD  LB  film  is  50  nm 
longer  than  that  of  OCD  in  chloroform.  Further, 
intense  fluorescence  with  very  small  Stoks- 
shift  was  observed  in  the  LB  film. 

Efficient  EL  was  attained  even  in  the  EL 
cell  with  OCD  bimolecular  layer  as  an  emitting 
layer  owing  to  the  confinement  of  charge  car¬ 
riers  and  excitones  within  the  very  thin  emit¬ 
ting  layer. Yellow  emission  was  observed  with 
naked  eyes  under  a  usual  illumination  when  more 

than  DC  20  V  was  applied  to  the  EL  cell. 

-2 

Luminance  in  the  EL  cell  was  about  30  cd  m  at 

_2 

injection  current  density  of  100  mA  cm  .  The 
EL  spectrum  well  corresponded  to  fluorescence 
of  the  J-aggregated  OCD  (Fig. 2). 

1)  C.  Adachi  et.  al,  Appi.  Phys.  Lett.,  57,  531 
(1990). 


PBD 


Fig.l.  Structure  of  an  EL  cell  and 
chemical  siructure  of  organic  ccm- 
powds  used  in  this  study. 


Fig.2.  EL  qpectzim  of  an  EL  cell  witn 
OCD  bimoleuclar  layer  (solid  line) . 
Broken  line  is  fUlorescence  ^pectxun 
of  J-sggregsted  OCD. 


Fluorescence  (a.u.) 
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HYBRID  GAS  DETECTOR  OF  SQUARYLIUM  DYE  LANGMUIR-BLODGETT 
FILM  DEPOSITED  ON  A  QUARTZ  OSCILLATOR. 

Makoto  Furuki.  Lyong  Sun  Pu 

Fundamental  Technology  Research  Laboratory,  Fuji  Xerox  Co. 
Ltd.,  2274  Hongo,  Ebina,  Kanagawa,  243-04  (Japan) 

At  the  4th  International  Conference  on  LB-Films,  Tsukuba, 
we  reported  about  highly  sensitive  optical  NO2  gas  detector  of 
squarylium  dye  LB-film  containing  J-aggregate. 

At  this  conference,  we'll  present  hybrid  gas  detector 
coupled  optical  NO2  detector  with  a  weighing  system  of 
adsorbed  gas  by  squarylium  dye  LB  film  deposited  on  a  quartz 
oscillator.  A  piezoelectric  quartz  oscillator  has  been  known 
to  be  a  very  sensitive  weighing  device.  We  make  a  hybrid  gas 
detector  by  building  up  LB-film  of  squarylium  dye  mixed  with 
Cd-arachidate  on  this  quartz  oscillator.  Responses  with  this 
detector  for  NO2,  trichloroethylene  and  NH3  were  evaluated. 
Oscillating  frequencies  of  this  de^'pctor  under  these  gases 
were  measured  with  fluorescence  intens.  y  simultaneously. 

On  exposure  to  O.Bppm  NO2  gas,  most  of  fluorescence  was 
quenched  and  estimated  ratio  of  adsorbed  NO2  molecules  to 

squarylium  dye  molecules  from  shift  of  oscillating  frequency 
was  about  0.2.  For  a  vapor  of  organic  solvent  such  as 

trichloroethylene,  decrement  of  oscillation  frequency  was 
observed  without  quenching  of  fluorescence.  On  the  other  hand, 
a  slightly  increment  of  fluorescence  was  observed  with 
decrement  of  oscillation  frequency  for  NH3. 

It  was  confirmed  that  the  remarkable  quenching  of 

fluorescence  from  squarylium  dye  J-aggregate  was  caused  by 
highly  concentrated  adsorption  of  NO2  molecules  in  LB-film, 
both  optically  and  quantitatively.  This  gas  detector  also 
shows  a  possibility  to  develop  an  intelligent  sensing  system 
which  could  recognize  type  and  concentration  of  gases  by 

integration  of  each  responses. 
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GAS  DETECTION  IN  THE  PPB-RANGE  WITH  A  NEW 
HIGH  FREQUENCY,  HIGH  SENSITIVITY 

SAW  DEVICE 


M.  Rapp,  D.  Binz,  I.  Kabbe,  M.  von  Schickfus,  S.  Hunklineer 
Institut  fur  Angewandte  Physik  II,  Universitat  Heidelberg, 
Albert-Uberle  Str.  3*5,  D-6900  Heidelberg 

H,  Fuchs,  W.  Schrepp 
BASF  AG,  Polymer  Research  Laboratory, 

ZKL  -  J  543,  D-6700  Ludwigshafen 

and 

B.  Fleischmann,  Siemens  AG,  Balanstr.  73,  D-8000  Miinchen  80 


A  high  frequency  SAW  gas  sensing  device  has  been  developed  for  an  operating 
frequency  of  600  MHz.  It  contains  three  separate  SAW  delay  lines  which  are  the 
frequency  determining  elements  of  oscillator  circuits.  They  can  be  coated  with  different 
thin  organic  films  as  adsorbants  for  gas  detection  measurements.  The  mass  of  the  film 
increases  due  to  the  adsorption  process,  causing  a  decrease  of  the  surface  wave  velocity. 
This  leads  to  a  downward  shift  of  the  oscillation  frequency. 

First  measurements  were  made  with  two  classes  of  NO2  sensitive  films: 
evaporated  lead  phthalocyanine  layers  from  1  to  15  nm  in  thickness  and  Langmuir 
Blodgett  (LB-)  films  with  molecules  consisting  of  a  soluble  iron-phthalocyanine  derivate. 
The  dependence  of  sensitivity  with  the  thickness  of  the  sublimated  films  and  the  type  of 
interaction  of  NO2  with  these  coatings  are  discussed. 

In  addition  to  the  experiments  performed  in  air  and  special  gas-flow  chambers, 
experiments  have  been  performed  under  UHV-condtions. 

Substrate  cleaning  procedures  and  electrical  connections  of  the  SAW  device  with 
the  oscillators  were  designed  for  UHV  conditions.  The  gas-sensitive  organic  layers  were 
deposited  through  masks  on  one  of  the  three  delay  lines.  Substrate  cleaning,  film 
deposition  and  measurements  were  done  in  a  single  vacuum  cycle.  For  gas  detection, 
the  vacuum  chamber  was  purged  with  controlled  amounts  of  test  gases.  The  purpose  of 
these  experiments  was  to  investigate  the  adsorption  behaviour  of  the  gas  sensitive 
adsorption  films  under  well  defined  conditions  without  the  presence  of  contaminants, 
e.g.  from  ambient  air.  Under  these  conditions,  a  novel  anomalous  damping  behaviour 
was  observed. 
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PREPARATION  OF  CYANOACRYLATE  LB  FILMS  AND  THEIR  UV  AND 
ELECTRON  RESIST  APPLICATIONS 

N,  K.  Matveeva  and  Yu.  S.  Bokov 

Reseai'ch  Iristitute  of  Physical  Problems,  103460  Moscow,  USSR 

Monomoleculai'  layers  of  polycyanoacrylates  at  the  air- wa¬ 
ter  interface  as  well  as  multilayers  on  solid  substrates  were 
studied.  Cyatioacrvlates  with  the  hydrocarbon  chains  containing 
from  two  to  ten  carbon  atoiTE  ( C2-C10)  were  used  .  Surface  pres- 
sure-ai‘ea  isotherms  show  that  monolayers  of  polycyanoacrylates 
C2-C5  are  not  stable.  Slow  collapse  of  monolayers  and  dissolu¬ 
tion  of  nolecules  tal-ie  place  under  compression. 

On  the  other  har'id,  isotherns  of  C6-C10  monolayers  show  a 
distinct  region  or  collapse  and  precise  value  of  ai'ea  per  mo¬ 
lecule.  The  collapse  pressure  is  equal  to  22  mN/m.and  the  ai-ea 
per  molecule  varies  from  0.19  nm^(C6)  to  0.30  nm^(ClO). 

Molecular-  weights  of  polycyanoacrylates  were  determined 
by  measuring  the  surface  pressure-area  isotherms  of  monolayers 
m  a  gaseous  state  i.e.  at  the  beginning  of  the  curve.  The  in¬ 
fluence  of  temperature  on  the  properties  of  monolayers  was 
studied  also.  Then  the  conditions  of  multilayer  deposition 
were  worked  out.  Thm  films  of  06-010  containing  from  10  to 
100  monolayers  were  deposited  for  investigation.  The  thick¬ 
nesses  of  the  monolayers  appeal'  to  be  equal  to  0.  8-1.  3  nm. 

New  method  of  production  of  negative  Langmuir- Blodgett 
deep  UV-sensitive  resist  is  proposed.  The  multilayer  of  sensi¬ 
tizer  is  deposited  over  LB  resist  film  for  this  purpose.  The 
resolution  obtained  was  equal  to  0.  3  >im.  The  sensitivity  is 
found  to  be  equal  to  0.5  J/cm^. 

High  resolution  electron  beam  resist  based  on  polycyai'io- 
acrylate  LB  films  was  prepared  too.  The  measured  values  of 
sensitivity  (D50'  are  in  the  interval  between  2  x  lO”"^  and 
3  X  10  C/cm^  for  various  compounds.  Irradiated  LB  films  are 
resistarit  to  plasma  etching.  The  rate  of  etching  is  ten  times 
lower  than  that  of  silicon  crystal. 

Properties  of  polycyanoacurylate  LB  resists  give  us  the  pos¬ 
sibility  for  application  of  these  filtiE  m  microelectronics. 
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AN  OPTICAL  BIOSENSOR  PRINCIPLE  BASED  ON  FLUORESCENCE  ENERGY 

TRANSFER 

H.-U.  Siecrmund,  A.  Becker,  H.  Ohst,  K.  Sommer 
Bayer  AG,  Zentrale  Forschung,  D-4150  Krefeld-Uerdingen,  F.R.G. 

Radiationless  fluorescence  energy  transfer  (Forster  energy 
transfer)  has  been  used  for  various  studies.  With  LB  films, 
sophisticated  multilayer  systems  have  been  developed  for 
theoretical  analyses  of  various  phenomena  [H.  Kuhn,  D.  Mobius, 
H.  Bucher  in:  Physical  Methods  of  Chemistry,  Vol.  1,  Pt.  3B, 
pp.  577,  John  Wiley,  New  York  1972].  On  the  other  hand,  the 
technique  has  been  used  in  biosciences,  in  particular  in 
genetics  and  immunology,  as  a  "spectroscopic  ruler"  to 
determine  molecular  distances  [L.  Stryer,  Annu.  Rev.  Biochem. 
47,  819-846  (1978)]. 

The  idea  is  to  use  this  technique  for  the  detection  of  an 
analyte  molecule  that  binds  to  a  biological  receptor  attached 
to  or  integrated  into  an  LB  film.  This  receptor  molecule  can 
be  "anchored"  into  the  film  by  means  of  a  hydrophobic  chain, 
or  one  can  covalently  bind  the  biomolecule  to  the  film  by 
techniques  similar  to  the  conventional  immobilization  methods. 

The  LB  films  are  built  up  from  amphiphilic  polymethacryl¬ 
ates  that  contain  a  donor  dye  for  the  fluorescence  energy 
transfer  and  reactive  groups  to  which  protein  receptors  can 
bind.  Dyes  can  be  attached  covalently  to  the  polymers  or  can 
be  co-spread  with  them  before  film  transfer.  The  prepared 
films  show  a  stability  that  is  high  enough  to  survive  the 
bioassay  conditions. 

To  evaluate  the  potency  of  the  systems,  the  principle  of  a 
distance  dependency  of  the  energy  transfer  was  demonstrated 
with  a  lectin  labeled  with  an  acceptor  dye.  Other  experiments, 
where  the  concentration  of  an  acceptor  dye  in  an  LB  film  was 
varied,  showed  that  the  sensitivity  is  enhanced  by  at  least 
one  to  two  orders  of  roagnitute  compared  with  direct  fluor¬ 
escence  detection. 

Mannoside  ligand  molecules  labeled  with  the  acceptor  dye 
(TRITC)  were  then  bound  to  the  LB  surface  covered  with 
concanavalin  A  as  a  receptor  molecule.  A  specific  binding  of 
the  ligand  was  found. 

These  experiments  show  that  the  combination  of  the 
technique  of  Forster  energy  transfer  and  Langmuir-Blodgett 
films  can  result  in  a  functioning  sensing  principle. 
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GRAVIMETRICAL  BIOSENSORS  BASED  ON 
LANGMUIR-BLODGETT  FILMS  OF  IMMUNOGLOBULIN 
T.B. Dubrovsky,  V.V. Erokhin,  R.L.Kayushlna 
Institute  of  Crystallography,  USSR  Academy  of  Sciences, 
1117333,  Moscow,  Lenlnsky  pr.,  59. 

An  event  of  antibody  -  antigen  binding  can  be  studied  by  the 
mlcrogravimetrlc  method,  using  a  mass-  sensitive  quartz  resonator 
to  detect  and  measure  the  amount  of  antibody  In  a  test  solution. 
The  basic  frequency  of  oscllation  of  the  crystal  (F)  Is  changed 
due  to  adsorption  of  an  Immunogen  on  the  modified  surface. 

The  relationship  between  the  surface  mass  change  (Am)  and  the 
frequency  shift  (AF)  Is  given  by  the  Sauerbray  equation:  F  = 
-kAm.  LB  films  of  antibody  or  antigen  were  Immobilized  onto  the 
resonator  surface  for  a  direct  record  of  the  specific  binding  to 
be  made.  9  MHz  quarts  crystals  with  silver-plated  electrodes  were 
used. 

The  piezoelectric  resonators  were  modified  by  7-amlnopropyl- 
trlethoxysllane  vapour  at  a  temperature  of  220®C.  The  Initial 
silane  layer  Is  polymerized  with  other  silane  derivatives  to  form 
a  siloxane  polymer  having  a  high  reactivity  to  proteins  and  the 
antigen  or  antibody  Is  bound  to  this  polymer.  The  shift  In 
resonant  frequency  due  to  water  penetration  was  only  20  to  50  Kz 
over  the  experimental  period  of  about  30-40  minutes. 

LB  films  of  the  human  IgG  (fraction  II,  Fluka)  were  prepared 
in  a  Langmuir  trough  (Joyce-Loebl)  under  a  surface  pressure  of  20 
dyn/cm,  at  room  temperature. 

Glutaraldehyde  coupling  IgG  film  was  then  deposited  onto  a 
piezoelectric  resonator  modified  with  7-amlnopropyltrlethoxysllane 
and  used  as  a  sensing  element  by  dipping  Into  solution  of  sheeps 
■anti- IgG  semm. 

Specific  adsorption  between  the  Immobilized  antibody  and  test 
solution  has  been  measured.  One  sensor  serves  as  a  reference 
sensor  and  the  other  as  an  Indicating  sensor.  Frequency  shifts 
associated  with  the  corresponding  base  pairs  were  300  -  90t  Hz 
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LB  RESISTS  OF  DIAZONAPHTHOQUINONE  NOVOLAC  RESIN  MADE  BY  A  NEW 

HORIZANTAL  DEPOSIT  METHOD 


Zuhong  Lu,  Shoujun  Xiao,  Yu  Wei 
Lab.  of  Molecular  and  Biomolecular  Electronics 
Southeast  University, Nan jing, 210018 , China 


LB  multilayered  resists  for  fine  line  lithography  have  been 
well  studied  by  several  groups. (1,2)  We  intended  to  use 
electron  beam  sensitive  polymeric  materials  to  make  the  LB 
resists  in  order  to  increase  its  etch  resistance  and  decrease 
the  pinhole  density  . 

Diazonaphthoquinone  novolac  resin  (DQN)  has  been  used  to  form 
the  monolayer  on  the  air-water  interface.  The  monolayer  was 
stable  until  the  surface  pressure  up  to  35  mN/m  at  the 
temperature  around  20 *c.  A  moving  wall  trough  was  built  to 
transfer  monolayers  to  chromium  surface  at  the  surface 
pressure  of  15  mN/m  by  a  new  continuous  horizontal  deposition 
method  , which  can  transfer  y-type  films  of  DQN  on  Cr 
substrate.  The  thickness  measurement  showed  that  this  new 
deposit  process  could  fabricate  homogenuous  and  oriented  LB 
film  for  polymeric  materials.  The  10  layered  resist  had  good 
adhesion  and  high  etch  resistance  in  ordinary  Cr  etch 
solution. 

The  exposure  tests  to  the  10-layered  resist  of  DQN  were  made 
under  80  w  UV  lamp  for  5  seconds  through  a  photomask  with  the 
pattern  of  the  line-width  of  1pm.  Following  the  developing 
process  the  samples  were  immersed  to  Cr  etch  solution  for  1 
min  to  transfer  the  resist  pattern  to  Cr  film.  The  pattern 
with  Ipm  line-width  resolution  on  lOOOA  thick  Cr  film  has  been 
obtained. 

Reference: 

1. A.Barrand,  C.Rosilio  and  A.Ruandel-Teixier,Thin  Solid  Films, 
68(1980)91-98. 

2.  A  Barrand,  Thin  Solid  Films,  99(1983)317-321. 
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A  GAS  SENSOR  FABRICATED  WITH 
FET  AND  L-B  FILM  OF  PORPHYRIN 

Changzhi  Gu  Llangyan  Sun 
Electronic  Science  Department  of  Jilin  University 
130023  Changchun, China 
Fax:  83040  JLU  CN 

The  prophyrin  used  in  this  study  was  deposited  using  the  L-B  transfer 
technique.ln  order  to  make  the  prophyrin  molecule  compatible  with  the  L-B 
method  .a  peripherally  substituted  prophyrin  compound  was  synthesised.  Using 
the  cobalt  acetate,  gave  the  Co  complex,  this  prophyrins  had  satisfactory  IR 
and  UV  spectra. 

Two  FET  were  made  on  the  same  silicon  substrate,  both  are  N-channel 
enhajicement  mode.  One  is  MOSFET,  the  other  is  OSFET  which  is  similar  to 
ISFET  sensor  in  structure.The  characteristics  of  FET  will  be  measured  wi¬ 
th  MOSFET,gas  sensitive  will  be  measured  with  OSFET  covered  by  L-B  film 
of  prophyrin  on  its  gate  area. 

Isotherms  of  spread  monolayer  of  the  porphyrin  used  showed  that  they 
were  stable  up  to  a  surface  pressure  of  50mN/m  with  an  acceptable  collap¬ 
se  rale..\t  room  temperature,PH  6.8-7.2,with  the  spread  film  compressed  to 
30mN  'tn  /porphyrin  films  were  tranferred  to  the  gate  area  of  OSFET  sub¬ 
strate.  We  named  this  device:  LB-OSFET  sensor.  Contact  was  made  to  the 
sample  electrodes  using  aluminium  line  spot  weld  to  IC  pedestal. 

The  drain  currents  of  porphyrin  LB-OSFET  were  measured  when  they 
were  in  air.  The  sample  was  then  either  exposed  to  NOz/  CO,  .NH3,C;HiO. 
Tlie  respondses  of  various  film  thicknesses  to  various  partial  pressures  of 
gas  have  been  monitored.only  NO  2  affects  the  drain  currents  clearly. 

When  tile  sample  was  exposed  to  5—250  PPm  of  NQ^ithe  change  of  Ips 
was  measured  in  3\'  drain-source  bias. When  exposed  to  5  PPm,the  Ics  in 
39-layer  film  changes  from  1*10'®-1.5>K10’  after  60  minutes,exposed  to  250PPm, 
change  to  l^IO'after  20  minutes.These  results  show  that  response  time  and 
signal  magnitude  were  related  to  thickness  and  partial  pressure  of  gas  wi¬ 
th  thinner  films  providing  faster  response  times  but  weaker  responses,hi- 
gh  partial  pressures  providing  faster  response  time  and  stronger  resposes. 
When  the  partial  pressures  of  gas  were  conslant,the  changes  of  Ids  were 
measured  in  various  drain-source  bias,the  results  come  close  to  output  cha¬ 
racteristics  of  MOSFET. 

We  consider  tliat  the  rhange  of  Ids  in  various  partial  pressures  cf  NOz 
is  because  of  NO’ accepting  a  electron  from  porphyrin  molecule,then  induct¬ 
ing  a  hole  in  tJie  surface  of  SiOz#  this  result  correspond  to  has  a  bias  on 
tJie  semiconductor  surface  of  gate  areas,so  the  Ids  changes  with  the  partial 
pressures  of  NO2. 
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PROTOTYPE  OF  GAS  SENSOR  BASED  ON  LB  CONDUCTING  FILMS. 


S  CA  FMFNDQT.  L.HENRION,  G.DEROST,  H.PERE2.  A.BARRAUD,  A.RUAUDEL-TEIXIER 
C.E.A  /  Service  de  Chimie  rrral^culaire  /  Bat.125  /  CE  SACLAY 
91191  GIF  SUR  YVETTE  CEDEX  (FRANCE). 


Abstract: 


We  have  studied  the  feasibility  of  a  gas  sensor  based  on  LB  conducting  films  (1).  The 
doping  process  (applied  to  the  LB  films  to  make  them  conducting)  is  quite  easy  to  be  performed 
and  the  films  exhibit  good  stability  (2). 

When  exposed  to  oxidizing  or  reducing  gases,  the  d.c.  conductivity  of  the  film  changes 
significantly.  So  a  conducting  film  of  (N-octadecyl-pyridinium'^,  TCNQ‘)i,4TCNQ0  doped  with 
iodine  vapours  has  been  exposed  to  phosphine.  Its  useful  sensitivity  to  phosphine  in  dry  air 
ranges  from  Ippm  to  100  ppm  (3).  To  run  tests  in  real  conditions,  a  prototype  has  been 
designed  and  realized  in  view  of  an  industrial  development. 

The  present  paper  describes  the  encapsulation  of  the  sensing  films,  the  gas 
circulation  circuit  and  th^  signal  processing  electronics.  The  prototype  is  designed  for 
differential  measurements.  .  i.us  the  limiting  factors  (steep  temperature  change,  moisture  and 
interfering  gases)  are  reasonably  compensated  although  some  problems  have  not  been  solved 
(film  reproducibility,  selective  absorption  of  humidity  and  phosphine).  The  main  material 
studied  with  this  prototype  is  a  LB  film  of  (N-ODPyr+,  TCNQ*)i,4TCNQ0.  The  early 
performances  of  the  cell  were  found  slightly  worse  than  those  obtained  with  the  experimental 
hand  made  laboratory  cell,  although  the  flow  rate  had  been  optimised  to  3  Ih*'' .  This  is  discussed 
in  terms  of  flow  mechanics  and  gas  /film  contact  time.  The  optimization  of  others  parameters 
have  restored  performances  quite  comparable  to  those  of  the  experimental  laboratory  set. 

The  prototype  appears  as  an  efficient  tool  which  can  be  used  either  as  a  dose 
accumulator  in  its  simplest  form  or  as  a  differential  integrated  sensor  in  its  final  form. 

References: 

(1)  :  L.Henrion,  G.Derost,  A.Ruaudel-Teixier,  A.Barraud. 

Sensors  and  actuactors  14  (1988)  251 -257. 

(2)  :  M.Vandevyver,  A.Barraud,  P.Lesieur,  J.Richard,  A.Ruaudel-Teixier 
Journal  de  Chimie-Physique,  1986,  83,  n®  9,  599-602 

(3)  :  L.Henrion,  G.Derost,  A.Barraud,  A.Ruaudel-Teixier. 

Sensors  and  actuators  17  (1989)  493-498. 
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ELABORATION  OF  A  GLUCOSE  BIOSENSOR  BASED  ON 
LANGUUIR-BLOOGETT  TECHNOLOGY. 


Catherine  FIOL,  Jean-Marc  VALLETON,  Norbert  DELPIRE,  Gerard  BAR- 
BEY  *.  Andre  BARRAUD  ••  and  Annie  RUAUDEL-TEDOER 

URA  CNRS  n*500,  U.F.R  des  Sciences.  Unlversite  de  ROUEN,  76134 
Mont-Salnt-Algnan,  France. 

•  E.RS.E.OA,  U.F.R  des  Sciences,  University  de  ROUEN,  76134  Mont- 
Saint-Aignan,  France. 

DPC/SCM,  CEA,  CEN  de  SACLAY,  91191  Glf-sur-Yvette,  France. 


We  report  here  on  the  development  of  a  glucose  biosensor  based  on 
Langmuir-Blodgett  technology.  This  approach  consists  in  elaborating  well 
ordered  structures  in  whicm  an  en^rme  is  immobilized.  The  first  step 
corresponds  to  the  formation  of  a  mixture  of  a  fatty  acid  and  an  enzyme 
on  the  surface  of  an  aoueous  phase  in  a  LB  trough.  This  mixture  is  then 
transferred  onto  a  gold-coated  matrix  by  the  classical  method;  this  ma¬ 
trix  is  used  as  an  electrode  in  order  to  detect  the  product  of  the  enzyma¬ 
tic  reaction. 

The  en:i^e  used  for  measuring  glucose  concentration  is  a  glucose 
oxidase  [Aspergilhis  nigeri.  This  enzyme  catalyses  the  oxidation  of  glucose 
into  gluconic  acid  wmch  is  accompanied  by  a  production  of  hydrogen 
peroxide;  this  species  is  detected  at  die  surface  of  the  gold  electrode  by 
measuring  its  oxidation  current  at  a  fixed  ^tential  (600  mV  versus  SCE 
electrode).  A  calibration  is  necessary  to  rwate  the  current  measured  to 
the  glucose  concentration. 

The  first  results  are  promising: 

-  short  response  times  are  obtained  (a  few  seconds  for  obtaining  99%  of 
the  steady  state  signal),  as  expected  from  the  geometry  of  the  system: 
nanoscopic  scale  ensuring  very  short  characteristic  times  for  the  diffu¬ 
sion  processes  involved. 

-  very  good  linearity  of  the  relationship  between  the  current  measured 
and  the  glucose  concentration  in  the  range  corresponding  to  biomedical 
applications  (1-10  mM). 

Our  current  work  consists  in  improving  the  reproducibility  of  the 
measurements  by  adequate  treatments  of  the  gold  electrode  surface,  and 
in  testing  the  durability  of  these  treatments. 

The  next  step  will  be  ein  optimization  in  order  to  perform  measure¬ 
ments  in  complex  biological  fluids  such  as  plasma  and  blood.  It  will  be 
necessary,  in  particular,  to  develop  differential  measurements. 
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LANGMUIR-BLODGETT  PILMS  AS  RADIATION  SENSITIVE  LAYERS 
FOR  THE  USE  OF  tllCROLITHOGRAPHY 


DAN  V.  NICOLAU,  ICCE,  Bucharest,  72996,  Romania 

The  continuous  decrease  oF  the  features  required  by 
semiconductor  technology  compels  the  microlithography  to  obtain 
more  planar  images.  Using  di azo-naphto-quinone  DNQ  based  Langmuir- 
-Blodgett  (LB)  films  as  an  imaging  layer  one  can  obtain  planar 
images  at  the  interface,  Y/N  (treshold)  behaviour,  single  expose- 
develop  step,  and  possible  high  resolution,  steep  profile  in  the 
etched  layer. 

Deposition . 

The  deposition  of  a  di azo-naphto-qui none  (DNQ)  based 
substance  (with  cvasi-linear  structure  and  with  hydrophilic  and 
hydrophobic  extremities)  on  hydrophilic  substrates  (metal:  Cr ,  A1 , 
Si,  etc.  i.e.  first  mode)  or  on  hydrophobic  ones  (i.e.  second 
mooe).  The  hydrophobic  extremity  must  be  the  di azo-qui none  group 
and  the  hydrophylic  one  can  be  either  a  sulphonic-ester  group,  or 
other  polar  group.  The  deposition  of  DNQ  on  hydrophobic  substrates 
is  of  extreme  importance. 

Exposure. 

Using  DNQ  based  LB  films  as  imaging  layer,  one  can  obtain 
oer'fect  planar  latent  image  either  at  the  top,  cr  at  the  bottom 
C'f  the  layer.  The  latent  image  is  planar  because  it  is  obtained 
throL'ch  photochemical  reaction  at  the  interface.  The 

trams+ormation  of  the  hydrophobic  group  into  a  hydrophilic  one, 
through  photochemical  reaction,  can  be  summarized  in  the  reaction: 


The  pop-off  effect  (development). 


WH=n  sginenna  b u i  1  d  a  LB  DN(3  based  film  with  the 
hydroDhobic  extremity  on  the  substrate,  it  is  believable  that 
t^'e  laye*-  in  the  irradiated  region  will  be  poped-off  from  the 
film  mainly  because  (i)  the  hydrophobic  group  is  destroyed 
during  photochemical  reaction  and  is  replaced  by  a  hydrophilic 
grouo.  and  (ii)  the  gas,  N2,  is  generated  in  this  reaction. 
In  this  way  one  can  obtain  a  self  developable  resist,  or  at 
least  the  exoosed  region  can  be  easyly  removed  from  the 

Eubstratp, 


LB  films  as  a  Y/N  imaging  layer. 

It  is  expectable  to  obtain  sharp  concentration  profiles 
of  t*'e  ohotolized  DNQ  in  the  LB  film  (even  in  multilayer  mode), 
whan  transferring  the  intensity  profile  of  the  aerial  image 
into  the  imaging  layer  .  Also  it  is  expectable  that  the  /  value 
(chemical  contrast)  to  be  very  high,  if  not  infinite.  The  very 
organized  structure  of  the  LB  film  can  minimize  the  scattering 
effects. 

!t  is  »!sq  cosslble  to  use  the  upside  latent  image,  when  bulding 
the  IB  films  with  the  hydrophilic  group  on  the  substrate, 
silvlating  the  exposed  region,  The  concept  is  analogue  with  the 
DEGI’^F  prrrocc,  but  hero  'the  diffusion  step  is  replaced  bv  * 
chemicsi  roactirn  on  ♦he  to?  surface  of  the  LB  film,  obtaining 
3  pprPorb  maet  ffjr  the  anisotropic  etch  step. 


Characterization 

(structural  and  other) 
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CELLULAR  AUIOMATA  FORMM^ISM  AS  A  mSDD  IN  MEMBRANOLOGY 

Krvatian  Kubica  azid  Jaoina  Kuftzera 
Department  of  fhyeics  and  Bioj^ysics 
Agricultural  Acadenv  of  Wroclaw 
Norwida  25,50-375  Wroclaw,  Poland 

Computer  simulation  based  on  the  cellular  automata  methcd  proved  to 
be  a  useful  tool  for  describing  macroscopic  systems  such  as  gases  and 
fluids.  In  our  previous  paper  we  suggested  to  use  this  method  to  study 
the  properties  of  lipid  membranes.  Now,  we  would  like  to  show  how  to  use 
the  cellular  automata  method  to  study  some  structural  changes  in  lipid 
membranes  modified  with  some  anphiphilic  modifiers  with  various  chain 
lengths.  By  taking  into  account  trazus-gauche  conformation  changes  of  the 
modifier  and  lipid  alkyl  chains  we  obtain^  optism  lengths  of  chains  of 
the  modifiers  which  cause  greatest  structural  changes  in  the  lipid  me.Tr 
brane.  Comparison  of  the  obtained  results  with  experimental  results  .il- 
lowed  us  to  conclude  that  the  mechanism  of  intermolecular  interaction  ’/»e 
proposed  seems  to  be  probable.  In  further  work  we  are  going  to  test  the 
possibilities  of  some  mechanisms  of  the  effect  of  two-component  arphi- 
philic  modifiers  on  membrane  and  compare  them  with  our  e^rperimentcl 


data. 


DIFFfRENTlAL  X-RAY  REFLECTOMETRY  OF  IHPERFECT  4.B  FILMS 


A.P.Kirilyuk  (Instiute  Metal  Physics;  pr.Vemadskogo,36:  2S2142, Kiev, USSR) 
V.N.Blirnyuk.V.V. Shilov  (Institute  H^rofolecular  Chesistry,Kharkovskoe 

shosse,4B;  252160,  Kiev,  USSR) 

The  conventional  seal 1-angle  X-ray  diffraction  schese  for  the  inves¬ 
tigation  of  large-scale  (superaolecular)  LB' file  structure  probes  the 
average  periodic  coaponent  of  the  file  electron  density  distribution  with 
depth.  In  this  report  we  describe  two  new  versions  of  the  low-angle  X-ray 
scattering  eethod,  designed  to  study  the  real  LB  file  structure  isperfec- 
tions,  and  the  results  of  their  practical  testing.  The  first  sethod  is  the 
analogue  of  the  well-known  triple  crystal  diffractoeetry  for  crystal  stru¬ 
cture  investigation.  In  our  .case,  due  to  the  gcmerally  lower  perfection  of 
LB  file  structure,  there  is  no  urgent  need  to  use  two  additional  single 
crystals  as  the  collieator  and  the  analyzer.  Their  functions  can  be  actual¬ 
ly  perforaed  by  the  entrance  and  detector  slits,  which  greatly  siaplifies 
the  technique.  The  experiaents,  carried  out  with  the  aodified  ORAM-2. 0 
diffractoaeter  on  LB  filas  of  lead  stearate  (100  layers)  and  bariua  behe- 
nate  (30  layers)  deposited  on  glass  and  silicon  substrates  at  different 
surface  pressures,  showed  that  angle  distribution  of  the  reflected  inten¬ 
sity  near  the  first  Bragg  reflection  contained  3  coaponents,  which  depended 
on  the  saaple  inclination  angle  dt  with  respect  to  the  syaaetrical  orienta¬ 
tion.  Their  correspondence  with  the  aain  Bragg  peak,  pseudo  peak  and  diffuse 
intensity  saxiuja  in  the  triple  crystal  diffractoeetry  was  identified. 
Theoretical  traataent  leads  to  the  conclusion  that  the  aoet  unaabiguous 
and  coaplete  infomation  about  the  file  structure  iaperfections  can  be 
extracted  froa  the  orientation  di^ndence  of  the  aagnitude  and  position  of 
the  diffuse  intensity  naxiaua,  which  corresponds,  in  fact,  to  the  Bragg 
reflection  froa  the  deforaed  (tilted  and  coapressed)  LB  layers  near  file 
structure  defects.  The  siaple  relations  are  deduced  that  enables  one  to 
obtain  the  full  deforaation  distribution  around  the  "average"  defect.  This 
is  done  for  the  investigated  saaples,  and  the  results  agree  well  with  the 
independent  SEM  data  for  sane  saaples.  Two  other  peaks  contain  the  inforaa- 
tion  about  the  average  periodic  structure  and  saall-scale  irregular  devia-  . 
tions  froa  it.  The  connection  between  the  paraaeters  of  the  latter  and  the 
peak  characteristics  is  less  straightforward  and  can  be  established  within 
a  seaieapirical  approach  supported  by  a  large  aaount  of  experiaental  data. 
The  second  aethod  originates,  in  fact,  froa  the  sane  idea  but  applied  to 
the  total  external,  rather  than  Bragg,  X-ray  reflection,  which  leads  to  the 
so-called  loneda,  or  anoaalous  reflection,  effect.  The  diffuse  aaxiaue  is 
poorly  SMn  now  but  the  aain  peak  (airror  reflection)  and  especially  the 
pseudo  peak  (anoaalous  reflection)  are  very  sensitive  to  the  file  structure 
irregularities.  This  conclusion  is  supported  by  experiaental  results  for  LB 
files  of  lead  stearate  with  varied  characteristics  and  the  corrMponding 
theoretical  analysis.  In  conclusion  we  note  that  these  two  teciiniques  are 
rather  siaple  in  experiaental  realization  and  suitably  coapleient  each  other. 
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ELECTRONXC  STRUCTURE  OF  NITROGEN  SQUARE  PLANAR  COPPER  COMPLEXES  IN  LB  FlUfS 
Stdphan*  C«ml«tp,  Htnrl  Roulct,  Geor|«s  Dufour 

Laboratolre  de  Chlniie  Physique,  UnlversltA  P.  et  H.  Curie,  CNRS  URA  176, 
11,  rue  F.  et  H.  Curie,  75231  Paris  cedex  05  France 

Serge  Palacin,  AndrA  Barreud, 

Service  de  Chimle  MolAculaire,  DApartement  de  Physique  GAnArale,  Centre 
d' Etudes  de  Saclay,  91191  Gif  sur  Yvette  France 

Philippe  MilliA  and  IrAne  Nenner 

Section  de  Photochlmie  et  Etude  de  la  RAactivitA,  DApartement  de  physique 
GAnArale,  Centre  D' Etude  de  Saclay,  91191  Gif  sur  Yvette  France 

Specific  substituted  phtalocyanine  compounds  called  CuSlB  are 
ideally  suited  to  form  LB  films  (ly.  The  molecule  is  basically  a  copper 
phtalocyanine  with  4  pyridine  rings  in  the  outskirts  of  the  macrocycle, 
each  pyrldinic  nitrogen  atom  being  quaternized  to  attach  a  carbon  chain. 
The  main  difference  of  such  films  with  the  same  compound  in  an  amorphous 
phase  is  that  the  molecule  is  built'ln  in  a  reduced  form  (CuSlS^i). 
Surprisingly,  this  reduced  form  keeps  the  copper  atom  in  the  same  Cul  redox 
state,  as  for  the  amorphous  phase  and  any  compound  of  the  same  family. 

In  order  to  clarify  this*  problem,  we  have  performed  X>ray 
photoelectron  spectroscopy  in  the  region  of  Cls,  Nls  and  Cu2p  lines.  The 
Cu2p  spectra  show  najor  differences  on  the  redox  state  of  copper.  This  is 
because  the  main  line  energy  and  satellite  intensity  are  quite  different 
for  Cul  compared  to  Cull.  Ve  observe  that  amorphous  CuSlB  has  a  Cul  central 
atom,  but  upon  irradiation,  the  compound  is  easily  reduced  and  we  see  a 
clear  Cul  signal  appearing  in  the  spectrum.  For  CuSlB^i  ,  we  observe  only  a 
dominant  CuH  contribution,  in  agreement  with  the  results  reported  by  other 
methods  (1).  Consequently,  it  seems  that  one  of  the  additional  electrons  is 
added  to  copper  for  the  reduced  form  of  amorphous  CuSlB,  whereas  in  CuSlB^i  , 
the  two  electrons  attach  themselves  to  the  macrocycle.  Ve  have  tried  to 
investigate  the  Cls  and  Nls  spectra  to  detect  such  effect  but  ve  could  not 
observe  any  significant  differences  from  reduced  amorphous  CuSlB  to 
CuSlB^i  ,  probably  because  the  X>ray  spectra  provide  a  mean  information  on 
the  many  carbon  and  nitrogen  atoms. 

Using  semi -empirical  calculations,  we  show  that  the  outer  valence 
shells  of  CuSlB  is  composed  of  two  close-by  orbitals,  one,  b^^  ,  located 
mainly  on  the  copper  atom,  another,  Sj^  .  fully  localized  on  the  macrocycle. 
Ve  offer  to  interpret  the  surprising  electronic  structure  of  the  LB  film  as 
the  result  of  the  reduction  on  the  macrocycle  alone,  perhaps  due  to  a  small 
distortion  of  the  nitrogen  square  plane  around  copper,  which  removes  the 
degeneracy  of  the  outermost  orbital  62^  of  the  macrocycle,  one  component 
being  shifted  down  with  respect  to  the  b^^  copper  one. 

(1)  S.  Palacin,  A.  Ruaudel-Texier,  and  A.  Barraud,  J.  Fhys.  Chem.  <19B6), 
SH,  6237 


0?TXC»L  PROPIRTZES  OF  lANGKDZR-BLODGSST  rZZMS: 

K  MiaTZFLi-JlNGZj:  llBriJKfOiiim  ZMVISTZGETZ^ 

r.  j.  Sifters  and  t-  a  niii^g 

Department  of  Applied  Physical  Sciences^  Coventry  Polytechnic^  Priory 
Street,  Coventry  CVl  5PB,  U.K. 

E.  8.  Sethi  and  D.  Skinner 
GEC-Marconi,  Plessey  Research  Caswell  Ltd, 

Caswell,  Towcester  NN12  8EQ,  O.K. 

Multiple  angle  reflectometry  has  been  used  to  investigate  the  optical 
properties  of  Langmuir-Blodgett  (LB)  films  of  a  variety  of  materials. 
The  technique  (Travers  et  al  1988)  allows  the  simultaneous  determination 
of  refractive  indices  and  film  thickness.  In  treating  the  data  the 
multilayer  is  modelled  as  a  uniaxial  crystal  with  the  optic  axis 

perpendicular  to  the  substrate.  The  optical  properties  of  the  LB  film 
can  thus  be  described  in  terms  of  two  principal  refractive  indices, 
**!(“  nx-  ikx)  and  N|  (•  -  ik|) .  By  using  purely  s  or  p*-polarised 

light  the  analysis  is  simplified  relative  to  ellipsometry. 

Multilayers  of  pure  22-tricosenoic  acid  (22TA)  and  mixed  22- 

tricosenoic  acid/ cadmium  tricosenoate  films  (obtained  by  introducing 
Cd2+  into  the  subphase)  have  been  studied.  The  analysis  for  these 

sanples  was  sinplified  by  assuming  that  absorption  was  negligible  (i.e. 
kx  *  k|<»  0)  in  the  wavelength  range  considered.  Values  obtained  for 

monolayer  thicknesses  are  in  reasonable  agreement  with  published  data 
(Barnes  and  Sambles,  1987) .  Dispersion  curves  (nx  against  X)  have  been 
determined  for  pure  22TA  films  and  for  mixed  films  deposited  at  a  pH  of 
5.2  and  5.8.  The  incorporation  of  Cd2+  into  the  deposited  multilayers 
results  in  an  increased  polarisability .  Auger  analysis  was  carried  out 
on  the  mixed  sanples  to  determine  the  cation  concentration  and  hence  the 
degree  of  salt  conversion. 

Reflectivity  data  fr<»a  LB  films  of  absorbing  materials  has  also  been 
analysed.  Dispersion  (nx  against  X)  and  absorption  (kx  against  X)  curves  - 
have  been  calculated  for  a  phenylazonaphthylamine  dye  which  show 
approximate  Lorentz -Lorenz  type  band  shapes. 

W.  L.  Barnes  and  J.  R.  Sambles  (1987): 

Surf.Sci.,  1S7,  144. 

8.  J,  Travers  and  L.  S.  Miller  (1990): 

Submitted  for  publication  to  Thin  Solid  Filaa  December  1990 


SECONDARY  ION  MASS  SPECTR0!«ETRY  STORIES  OF  ARACHIDIC 

ACID  AND  BARIUM  ARACmDAlR  LANGMUm-BLODGETT  FILMS. 

G.  Bolbach.  M.  Plissonnier,  R.  Galera,  and  J.C.  Blais 

Laboratoire  de  Physi<|ue  et  Chimie  Biomollkulaire,  CNR5  UA  198/  Lnstitut  Curie 
et  University  Pierre  ^  Marie  Curief 
G.  Dufour  and  H.  Roulet 

Laboratoire  de  Chimie  Physique,  CNRS  UA  176,  University  Pierre  et  Marie  Curie, 
*11  rue  Pierre  et  Marie  Curie  75231  Paris ,  Cedec  05,  France. 

Since  the  pioneering  work  of  Benninghoven  in  1976,  secondary  ion  mass 
spectrometry  (SIMS)  has  been  widely  used  for  the  characterization  of  organic  solids 
(1).  Hie  nature  and  the  intensity  of  the  secondary  ions  have  been  fotmd  to  depend 
on  the  nature  of  the  molecules  and  also  on  the  inteimolecular  interactions.  New 
informations  concerning  the  influence  of  diese  processes  can  be  obtained  with 
well  organized  Langmuir-Blodgett  Rims. 

In  this  communication,  we  report  results  concerning  die  influence  of  the  Ba2+ 
concentration  in  a  LB  bilayer  of  arachidic  add  on  the  nature  and  the  intensity  of 
molecular  secondary  ions.  The  LB  films  were  transferred  onto  hydrophobic  Au 
substrates  from  a  subphase  containing  Ba^***;  the  pH  of  the  subphase  was  adjusted 
in  the  range  5-10.  Cs+  5  keV  primary  ions  bombarded  the  sample  (flux:2xl09 
Cs+cm'2.s'l)  and  the  secondary  ions  were  analyzed  with  a  quadrupolar  mass  filter. 
The  Ba  concentration  in  the  bilayer  was  determined  by  ESCA,  from  the  ratio  of 
intensities  of  Ba(3d5/2)  to  C(ls). 

The  stricking  features  of  the  SIM8  spectra  were  mainly  the  deprotonated 
molecule  (M-H)‘  of  arachidic  acid,  the  protonated  molecule  (M-f-H)*^  and  the 
cationized  ion  (M-H+Ba)+.  By  increasing  the  pH  from  5  to  10,  the  Ba 
concentration  linearly  increases,  when  the  intensity  of  (M-H)*  and  (M+H)+ 
strongly  decreases  in  a  similar  manner.  Hie  intensity  of  (M*H+Ba)‘^  slightly 
increases  with  the  pH  .  Thus  the  presence  of  Ba  in  the  bilayer  drastically  influences 
the  SIMS  spectra.  These  resulte  will  be  discussed  in  terms  of  intermolecular 
interactions  in  the  bilayer. 

(1)A.  Benninghoven,  F.G.  Rudenauer  and  H.  Waiter  in  "Secondary  Ion  Mass 
Spectrometry ",  Vol  86  in  Chemical  Analysis,  Wil^  Intersdoioe  (1^7). 
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Langiuir-Blodgett  Fill  Asseibly  of  Cu-Phthalocyanine  derivatives 
Substituted  by  Ntithacrylate  Oligoaer  Chains 

Katsuvuki  Nai to.  Akira  Miura,  and  Makoto  Azuina  (Advanced  Research  Labora¬ 
tory,  Toshiba  Research  and  Developaent  Center.  Toshiba  Corp.  ,  1  Koaukai- 
Toshiba-cho.  Saiwai-ku.  Kawasaki.  210,  Japan) 


Many  Phthalocyanine  (Pc)  derivatives  have  been  applied  in  LB  fila 
foraation  due  to  their  unique  electrical  and  optical  properties.  Unfortu¬ 
nately,  a  considerable  part  of  the  Pc  derivatives  produced  very  rigid  and 
fragile  filas  on  a  water  surface,  resulting  in  inhoaogeneous  LB  filas.. 

For  saaller  dye  skeletons,  introducing  bulky  hydrophobic  tails  such  as 
plural  long  alkyl  chains  or  steroid  skeletons  is  effective  in  producing 
stable  and  condensed  aonoaolecular  filas. ^  The  Pc  aoiety,  however,  is  too 
large  to  apply  the  aethod.  On  the  other  hand,  we  have  revealed  that  one  of 
the  poly (aethacrylate  esters),  polyisobutylaethacrylate  (PIBM),  produced  a 
fluid  aonoaolecular  fila  on  a  water  surface  and  yielded  a  hoaogeneous  LB 
fila. ^  In  this  study,  we  have  investigated  Cu-Pc  derivatives  substituted 
by  plural  oligoaer  chains  of  aethacrylate  esters  as  candidates  for  produc¬ 


ing  hoaogeneous  LB  filas. 

A  Cu-Pc  derivative  (1)  was  kindly  supplied  by  Dainichi  Seika  Co.  Ltd. 
The  oligoaer  chain  of  aethacrylate  esters  was  introduced  to  the  Pc  aoiety 
by  ol igoaerization  of  the  aethacrylate  esters  using  a  tetra-diazoniua  Cu- 
Pc  coapound  as  a  radical  initiator.  Froa  the  results  of  the  eleaental 
analysis.  1  possessed  16-17  aonoaer  units  of  ethyl-  and  n-butyl-aethacy- 
late  (16:3  aolar  ratio). 

The  surface  pressure  of  the  1  fila  spread  on  a  water  surface  began  to 
rise^at  350  A^/aolecule  and  gradually  increased  to  show  an  inflection  at 
230  A^/aolecule  at  18  dyn/ca  (collapse  point).  The  fila  was  stable  at 
constant  surface  pressures  before  the  inflection.  The  shape  of  the  F-A 
curve  was  siailar  to  that  of  PIBM.  ‘  The  observed  area  suggested  that  the 
oligoaer  chains  foraed  not  a  aonolayer  but  a  bilayer  fila,  as  shown  later. 
The  VIS  spectrua  changes  of  the  fila  during  coapression  indicated  that  an 
aggregation  of  the  Pc  rings  increased  as  the  surface  pressure  rose.  The 
surface  viscosity  of  the  1  fila  aeasured  with  a  canal  viscoaeter  was  0.015 
g/s  and  saall  enough  to  reduce  the  surface-pressure-drop  and  the  pressure 
distribution,  that  caused  the  inhoaogeneities  of  the  LB  fila. ^ 

The  aonoaolecular  fila  was  transferred  by  the  vertical  dipping  aethod 
(dipping  speed:  5  an/ain)  at  12.5  dyn/ca  onto  a  hydrophobic  substrate, 
yielding  a  Y-type  aultilayer  file.  The  surface  of  the  built-up  files, 
when  observed  with  a  differential  interference 
contrast  aicroscope,  appeared  saooth. 

The  aonolayer  thickness  was  deterained  to 
be  22  I  by  low  angle  X-ray  diffraction  in 
accordance  with  the  bilayer  thickness  of 
the  oligoaer  chains.  The  polarized  VIS 
spectra  indicated  that  the  Pc  ring  dec¬ 
lined  at  about  45*  froa  the  fila  surface. 

The  stacking  axis  of  the  Pc  rings  was  al- 
■ost  perpendicular  to  the  dipping  direction.  i\ss=J 

Fila-foraing  properties  of  other  Pc  ^ 

derivatives  with  different  oligoaer  chains 
will  be  discussed. 

1)  K.  Nai to,  A.  Miura.  M.  Azuaa.  another  presentation  in  this  conference. 

2)  K.  Naito,  J.  Colloid  Interface  Sci.,  1989.  131.  218. 

3)  K.  Naito,  T.  Iwakiri,  A.  Miura.  M.  Azuaa,  Langauir,  1990,  £.  1309. 
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INFRARED  AND  INELASTIC  ELECITION  TUNNELING  SPECIROSCOPY  OF 
ADSORPTION  LANOIUIR-BLODGETT  FIIWS 

SHIGEKA2U  KUNIYOSHI,  CHOICHIRO  OKAZAKI,  KAZUHIRO  KUDO  AND  KUNIAKI  TANAKA 
Faculty  of  Engineering,  Chiba  University,  1-33  Yayoi-cho,  Chiba  260,  JAPAN 

The  Adsorption  Langnaiir-Blodgett(LB)  technique^^  enables  us  to  fabricate 
the  LB  films  containing  many  kinds  of  water-soluble  functional  materials. 

We  have  been  applying  this  technique  to  fabricate  the  adsorption  LB  films^j^) 
containing  two  dyes  and  investigated  the  interaction  between  these  dyes. 

In  this  report,  we  describe  the  experimental  results  of  infrared(IR)  and 
inelastic  electron  tunneling  spectroscopy(IETS)  of  adsorbed  LB  films  and 
the  molecular  interaction  concerned  with  the  adsorption  mechanism. 
Merocyanine  dye(MC)  was  used  as  a  spreading  material.  Four  kinds  of 
triphenyl  methane  (TTM)  derivatives(r':,EVG,CV,FBD:  Fig.l  (a))  were  used  as 
adsorption  dyes.  From  the  experimental  results,  it  was  found  that  carboxyl 
group  and  benzothiazole  ring  in  the  MC  molecule  and  nitrogen  atom  in  TPM 
molecules  are  strongly  concerned  with  the  adsorption  mechanism.  Figure 
1(b)  shows  the  IR  and  lETS  of  adsorbed  LB  films.  The  lETS  of  an  MC/BG 
sample  shows  new  peaks  which  could  not  appear  in  MC  or  BG  sample.  These 
results  demonstrate  that  lETS  is  a  powerful  means  to  investigate  LB  films. 
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Fig.l  (a)Chemical  structures  of  materials  (b)IR  and  lETS  of  MC/BG  sampler 

1)  D.den  Engelesen,  J.Collid  Interface  Sci. ,45(1973)1. 

2)  C.Okazaki  et  al..  Thin  Solid  Films,  179(1989)503. 

3)  C.Okazaki  et  al.,  Jpn.J.Appl.Hiys. ,  29(1990)2506. 
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INFLUENCE  OF  SUBSTITUENTS  ON  IN-PLANE  DICHROISM  IN  LANGMUIR-BLODGETT  FILMS 

OF  PHTHALOCYANINE  DERIVATIVES 

Kimiya  Ogawa,  Hisatomo  Yonehara  and  Eturo  Maelcawa 

Kawamura  Institute  of  Chemical  Research,  631  Sakado,  Sakura  285,  Japan. 

We  have  already  reported  that  Langmuir-Blodgett  (LB)  films  of  copper 
tetrakis  («-butoxycarbonyl)  phthalocyanine  exhibit  an  extraordinarily  high 
in-plane  dichroism,  which  is  caused  by  the  highly  preferential  orientation 
of  the  stacking  axis  of  phthalocyanine  assemblies  parallel  to  the  dipping 
direction'*" .  The  role  of  the  peripheral  substituents  seems  to  be  important 
for  this  phenomenon,  since  their  flexibility  may  prevent  the  monolayer 
being  too  rigid  and  enable  it  to  flow  smoothly  during  the  dipping  process . 
In  this  paper,  we  report  on  the  property  of  the  monolayers  and  the  LB  films 
of  copper  tetrakis  (»t-alkoxycarbonyl>phthalocyanines  (CnPc;  n  denotes  the 
number  of  carbon  atoms  per  alkyl  chain) ,  especially  on  their  in-plane 
dichroism,  varying  n  from  6  to  18. 

Surface  pressure  (Jt) -area  (A)  isotherms  for  these  sait^les  are  shown  in 
Fig.l.  The  numbers  beside  each  line  correspond  to  n.  Although  the 
monolayers  collapse  at  rather  low  surface  pressures,  most  of  them  were 
fairly  stable  below  the  surface  pressures  of  the  plater u-like  region  of  the 
isotherms.  LB  films  could  be  prepared  on  hydrophobic  glass  plates  by 
vertical  dipping  method  at  the  surface  pressures  of  13-16  mN/m  and  the 
subphase  temperature  of  20“C,  for  C6Pc-C16Pc.  The  deposition  of  ClSPc  was 
difficult,  but  achieved  when  the  ten^rature  of  the  subphase  was  35*C. 

In-plane  dichroism  v;as  observed  in  all  these  LB  films.  The  dichroic 
ratios  (R;  defined  here  as  R=A(90) /A(0) ,  where  A(90)  and  A(0)  represent  the 
absorbance  in  the  spectra  polarized  perpendicular  and  parallel  respectively 
to  the  dipping  direction  at  the  wavelength  of  Q  band  maximum)  of  the  films 
(20  layers  per  side,  as-deposited  films)  are  plotted  against  n  (Fig. 2) . 
Highly  anisotropic  LB  films  were  obtained  for  the  samples  which  have 
relatively  short  alkyl  chains.  The  molecules  for  this  type  of  highly 
ordered  LB  films  may  be  designed,  even  besides  the  phthalocyanines,  as 
combinations  of  planar  cores  which  may  form  aggregates,  and  relatively 
short  side  chains  equipped  peripherally. 


sauries  and  rt-A  isotherms.  vs.  dichroic  ratio  (R)  • 


1)  K.  Ogawa  et  al.,  J.  Chem.  Soc.,  Chem.  Commun.,  (1989)  477. 

2)  K.  Ogawa  et  al..  Thin  Solid  Films,  178  (1989)  439. 
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2D  ORDERED  LANGMUIR-BLODGETT  FILMS 
OF  STEARIC  ACID  ON  SEMICONDUCTOR  SUBSTRATES 

B.  A.  i'lesterenko,  V.V.Milenin,  Q.Yu.Gorkun,  A.A.Stadnik, 

Z. i . Kazantseva,  A.V.Nabok 

InrtiTuts  o-f  Semiconductors,  Academv  of  Sciences  of  the 
Ukrainian  SSR,  Pr.Nauki  45,  252650  Kiev-2a,  USSR 

Stearic  acid  (HSt)  Y— type  Langmuif — Blodgett  films  (LBF) 
transferred  onto  semiconductor  (Si ,  GaAs  and  CdxHg»— xTe>  subst¬ 
rates  with  different  physical-chemical  states  of  surface  were 
stuoieo.  The  methods  used  were  ei 1 ipsometry ,  X-ray  photoelect¬ 
ron  soectroscopy  (XPS) ,  low  energy  electron  diffraction  (LEED) 
ana  work  function  measurements. 

Ell  ipsometry  gives  /v  4  nm  as  a  thickness  value  for  each 
bJiaver  of  HSt  molecules.  It  mav  be  due  to  inclination  ^  30** 
of  molecular  axes  to  the  surface  normal.  One  cannot  obtain 
LE£D  oatterns  from  a  bi layer  of  HSt  molecules  on  the  Si  (ill) 
and  GaAs  (110)  surfaces  having  native  oxide.  But  taking  as  a 
suostrace  CdxHgt-xTe  (111)  surface,  ordered  and  chemically 
passive  after  ion  etching,  leads  to  quite  a  different  situa- 
tio!..  In  this  case  LEED  oartern  was  opcained,  typical  for  2D 
neji agonal  lattice  with  0.5  nm  as  a  lattice  constant.  The  above 
value  corresDonds  to  close  packed  structure  of  HSt  bilayer 
anc  differs  from  that  for  prooer  CdxHg»-xTe  (111)  hexagonal 
lattice  (0.26  nm) .  Side  ov  side  with  LEED  the  work  function 
measurements  were  taken  in  vacuum  with  Anderson  method  for  the 
HEt  oiiaver  -  CdxHgi-xTe  (111)  system.  A  work  function  increase 
of  -v  1  eV  was  found  after  transferring  HSt  bi  layer.  Correspon¬ 
dence  of  this  value  to  a  potential  jump  due  to  HSt  molecules 
having  longitudinal  dipole  momentum  Ill  evidences  for  high 
deers e  of  film  ordering.  This  conclusion  is  supported  also  by 
XPS  measurements  of  photoelectron  free  path  length  for  the  same  - 
OD  ject. 

A  model  for  forming  2D  ordered  HSt  molecular  bilayer  on 
ths  Cd*Hgi_xTe  (111)  was  proDosed.  According  to  it  such  an 
ordering  may  be  due  to  atomic  stens  on  the  CdxHgs-xTe  (111) 
surface  oriented  pref erential ly  along  11123  (in  line  with  C2D). 

References: 

1.  V.Yogei,  D.MoPius,  Thin  Gelid  Films.  159  (1988),  73-81. 

2.  y. Vogel.  C.V811,  J.  Chem.  Pnvs. .  34  (1987),  5200-5204. 
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TCM  STODIES  ON  LR  FLU  OF  COPOLYMER  OF 
PHENYL  P-NH04’:()  ACRYLATE 

Zhou  Enle.  Li  Min,  Zhno  XiaoRuans,  Yan  Donghans 
(  Polymer  Phyuics  Laboratory, 

Changchun  Institute  cf  Ai>plied  Chemistry, 

Academia  Sinica,  Changchun  1130022,  P.R.  of  China  ) 

Yang  Chunc.ai,  Tang  xinyi 
(  Department  of  chemi;;l.ry  of  Jilin  university, 
Changchun,  IC0021 ,  P.R.  of  China  ) 

in  thi.s  work,  polymeric  l.D  film  is  based  on  the  use  of 
iini  !t  ipti  I  los  which  have  nlroady  been  copolymerized.  The  co- 
rrrrymer  trompos i t ions  were  confirmed  by  IR,  Hl-IR  and  elemen- 
!,.il  ana  lysis.  The  phase  transition  was  characterized  by  DSC, 
•jii  ical  microscope  and  X-ray  di  ffraction.  It  exhibited  that 
.  j  1  ymer  can  form  both  ^;mectic  atui  Hematic  phase. 

multilayers  of  preformed  copolymes^s  were  prepared 
r  i  diposited  using  a  langrnuir  trcugli.  A  typical  surface 
I  i •  ■^;sur•e  area  isotJicr’m  of  copolymer  was  obtained. 

ITio  morr^hology  and  thickness  of  copolymer  LB  filnus 
■rt  -;;  inspected  wil'h  an  11-500  transmission  electron  micros- 
.  '.irj' ’ .  The  thickness  of  built-«.«i>  filnjs  of  copolymer  was  mea- 
•lirr'd  by  using  the  faldi«ig  method  of  electron  microscopy. 

The  dependence  of  morphology  and  properties  on  film- 
lerming  conditions  is  discribed  for  the  copolymer  LB  films. 
T!'u  effects  of  LB  f lim-forming  condition  (such  as  the  sut — 
face  pressure, PH  value  sand  the  concentrations  of  spreading 
•'.o  1  ul,  ionfs)  on  film  quality  v/er  e;  studied  in  detail. 

Tliis  v/ork  was  suppor-ted  by  Academia  Sinica  Selected 
Research  Program  and  Ha-  .cr.-ji  Nature  Scienco  Founda- 
t  i  (:,n  Th  i  na . 
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STRUCTURAL  EVALUATION  OF  LB  FILMS  OF  SOME  AMPHIPHILIC 
PHTHALOCYANIMES  USING  INFRA-RED  SPECTROSCOPY 

Michael  A  Chesters,  Michael  J.  Cook,  Sean  L.  Gallivar,  David  A.  Miles,  John  M. 
Simmons  and  David  A.  Slater. 

School  of  Chemical  Sciences,  University  of  East  Anglia,  Norwich,  NR4  7TJ.  UK. 

A  number  of  metal  free  and  metalated  amphiphilic  phthalocyanine 
derivatives,  eg  1,2  &  3,  have  been  deposited  as  LB  films.  These  have  different 
degrees  of  molecular  order  as  judged  by  low  angle  x-ray  reflectivity 
measurements.  The  present  research  explores  the  potential  of  IR  techniques  for 
investigating  in  closer  detail  the  molecular  assemblies  within  the  f.'.lms. 


12  3 

R=  ALKYL 
MsH.  H  Cm  Ni 

Normal  and  grazing  angle  transmission  FTIR  and  reflection  absorption 
infra-red  spectroscopy  (RAIRS)  of  films  deposited  on  silicon  and  gold  substrates 
are  described.  Differences  in  intensity  of  in-plane  vibrations,  eg  of  the  ring 
and  the  N-H  bonds  (of  metal  free  derivatives) ,  are  observed  in  the  two  types  of 
transmission  spectra  and  are  interpreted  in  terms  of  the  orientation  of  the 
phthalocyanine  ring  system  with  respect  to  the  substrate  surface. 

Absorption  spectra  of  films  differing  in  the  number  of  dips  provides  a 
probe  for  monitoring  the  packing  registration  as  a  function  of  film  thickness; 
polarisation  experiments  monitor  the  extent  of  ordering  along  the  dipping 
direction. 
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SOLITON  MECHAirCSM  OF  OITIOAL  ANISOTROPY 
raOTOINUJCTION  IN  LANGMUIR-BLODGErT  FILMS 

Yu.B.Gaididei 

Institute  for  Theoretical  Physics 
P52130,  Kiev-'!  30,  USSR 

Nonline.<'.r  excitations  (kinks  and  vortices)  in  layered  mo¬ 
lecular  structures  are  investigated.  A  great  attention  is  paid 
to  the  role  of  interaction  between  orientational  and  transla¬ 
tional  degrees  of  freedom  and  its  influence  on  the  character 
of  the  system  ordering.  Dynamics  of  orientation  and  transla¬ 
tion  sclitons  and  their  interaction  is  discussed. 

A  theoretical  interpretation  is  given  of  the  influence 
of  linearly  polarir'.l  light  on  molecular  ordering  in  Langmuir- 
Slodgett  films.  It  is  shown  that  changes  in  the  energy  of  the 
orientation  interaction  between  molecules  in  the  excited  sta¬ 
tes  with  respect  to  the  ground  one  cause  their  rearrangement 
in  the  layer.  The  intermolecular  orientational  and  transla¬ 
tional  interactions  provide  a  coherent  and  cooperative  soli- 
ton  character  of  the  rearrangement.  The  radiation  from  a  com¬ 
paratively  low-intensity  light  results  in  changes  in  the  ori¬ 
entation  arid  translation  order  in  macroscopic  regions  of  the 
layer.  An  expression  for  the  "rearrangement"  velocity  of  or¬ 
dering  regions  is  obtained.  The  relevance  of  the  results  to 
recent  experiments  on  the  photoinduced  optical  anisotropy  in 
Langmuir-Blodgett  films  is  discussed. 
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THE  PROPERTIES  AND  STRUCTIRAL  CHARACTERISTICS  OF  L-B  FILMS  FORMED  FROM 
METALLOPORPHYRIN  COMPLEXES  WITH  DIFFERENTIAL  ALKYL  CHAINS  • 

Liu  Yan  Lin  lie  Feng  Xusheng  Mu  Jin  Yang  Kongzhang 
(Institute  of  Colloid  and  Interface  Cheaistry, Shandong  University, Jinan, Shandong  China) 

Abstract  (Fax.  1331) 

In  this  paper,  the  properties  and  structural  characteristics  of  L-B  fills  built  up  of 
letalloporphyrin  coqilexes  were  reported. 

5 -(p-hydroxylphenyl)-lO,  15, 20-tri(p-«ethoxyphenyl>  porphyrin  and  it's  nickel  coaplex 
(NiTPP(0H)],  5, 10, 15, 20-tetra-4-oxy(?-stcaric  acid)  phyenyl  porphyrin  and  it's  copper 
coaplex  [Cu  (11)  TPP  (-C00H)  have  been  synthesized. 

The  physical  properties  of  lonolayers  of  NiTPP(0H)  and  Cu  (II)  TPP(-C00H)  on  ultrawater 
were  studied  and  n-A  curves  were  given.  The  pH  of  subphase  were  selected  carefully.  So 
that  the  pH  >6.2  for  NiTPP(0H)  and  pH<4.0  for  Cu  (II)  TPP(C00H)  was  decided.  Froa  it 
-A  curve  a  aolecular  area  of  134  sq.A  for  NiTFP(0H)  and  240  sq.A  for  TPP(COOH)  and  Cu 
(II)  TPP(COOH).  The  aolecular  orientation  on  water  surface  was  independent  of  cooplexed 
aatal  ion. 

The  good  quality  L-B  fila  of  NiTPP(UH)  were  only  deposited  on  hydrophilic  ITO  glass.  The 
stable  aonolayers  formed  froa  Cu  (II)  TFP(-COOH)  could  be  easily  transferred  to  various 
solid  substrates.  The  properties  and  composition  of  NiTPF(OH)  L-B  filas  was  investigated 
oy  >q>s  and  resolved  xps  spectra.  The  results  determined  by  angular  resolved  xps  showed 
that  the  L-B  films  were  even  and  dense  as  a  whole,  jhe  UV-visible  spectra  measured  for 
L-B  filas  of  NiTPP(0H)  showed  a  distinct  red  shift  but  no  changes  for  that  of  Cu  (II) 
TPP(-C(K)H)  relative  to  that  of  chloroform  solution.  The  linear  dependence  of  absorbance 
of  number  of  layers  for  L-B  filas  of  Cu  (II)  TFP(C00H)  with  the  result  of  SEM  confined 
the  unifonity  of  the  L-B  filas.  The  results  measured  by  polarized-light  absorbance 
showed  that  the  aacrocycles  of  Cu(Il)TPP(C00H)  in  the  L^  fila  was  arranged  parallel  to 
substrates.  This  conclusion  is  coincident  with  the  result  deduced  froa  the  n-A  curve. 

An  X-ray  diffraction  of  L-B  fila  of  NiT7P(0H),  and  Cu(Il)TFP(-C00H)  were  perfoned. 
There  was  no  Bragg  reflection  peaks  for  L-B  fila  of  NiTFP(-0H).  Only  one  order  of  Bragg 
peak  occured  in  even  nuaber  of  layer  of  Cu(ll)TFP(-C00H)  and  several  subcidiary  aaxiaa  can 
be  distinguished  froa  the  diffraction  pattern.  The  lattece  spacig  was  31  A.  This  particula 
rly  low  d  value  for  Y  type  deposition  indicated  that  the  alkyl  chains  were  non  fully 
extended. 

The  electric  cjnductivit)  aeasureaents  showed  that  the  electrical  conductivity  in  the 
plane  of  the  fila  of  NiTPP(0H)  is  larger  than  that  of  films  oi  Cu(II)TPP(C00H)  by  several 
orders  of  magnitude.  Such  a  reletively  high  electrical  conductivity  was  ascribed  to  the 
absence  of  long  alkyl  chains  and  face  to  face  packing  of  porpgyrin  ring  with  welt  orderd 
structure  in  the  fills. 

*  The  project  supported  by  National  Natural  Foundation  of  China  (NSFC) 
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ABSORPTION  PROPERTIES  AND  STRUCTURE  CHANGES  CAUSED  BY  PRE-ANNEALING 

IN  POLYDIACETYLENE  LB  FILMS 

Futao  Kaneko.  Hasaaki  Shibata  and  Satoshi  Kobayashi, 

Faculty  of  Engineering, Niigata  University, Ikarashi, Niigata, Japan. 

The  reversible  color  phase  transitions  between  the  blue  phase  and 
the  red  phase  caused  by  annealing  have  been  reported  for 

polydiacetylene  (PDA)  Langnuir-Blodgett  (LB)  filns.  An  application  of 
the  PDA  LB  filns  to  an  optical  switching  device  has  been  proposed 
using  the  reversible  color  phase  transition.  The  absorption  properties 
of  the  PDA  LB  films  strongly  depend  upon  lengths  of  the  alkyl  side 
chains  of  the  molecules,  the  deposition  conditions  and  treatments. 

In  this  report,  absorption  properties  and  structures  are 
investigated  as  a  function  of  pre-annealing  temperature  for  the  PDA  LB 
films  having  different  lengths  of  the  alkyl  side  chains:  10-8,  12-8 
and  14-8.  After  diacetylene  monomer  LB  films  are  deposited  and 

pre-annealed  at  various  temperatures,  the  LB  films  are  polymerized 
using  UV  exposure  and  the  PDA  LB  films  are  obtained.  The  spectra  of 
the  pre-annealed  LB  films  strongly  depend  upon  the  side  chain  lengths, 
the  deposition  conditions  and  the  pre-annealing  temperature. 
Absorption  spectra  of  typical  PDA  LB  films  without  the  pre-annealing 
treatment  have  main  peaks  at  640nm,  while  the  pre-annealed  10-8  and 
12-8  PDA  LB  films  exhibit  new  absorption  peaks  at  704nm,  that  is,  a 

red-shifted  blue  phase,  instead  of  the  peaks  at  640nm.  The  spectra  of 

the  pre-annealed  14-8  PDA  LB  films  do  not  exhibit  the  peak  at  704nra, 
but  the  main  peaks  at  640nm  only  decrease  by  the  pre-annealing. 

X-ray  (001)  diffraction  measurements  show  that  the  pre-annealed 
films  have  extremely  ordered  layer  structures  without  changes  of  the 
layer  spacing  and  the  improvement  in  the  structures  is  closely  related 
to  the  increase  in  the  new  absorption  peaks  at  704nm  for  the  10-8  and 
12-8  PDA  LB  films.  The  pre-annealed  14-8  LB  films  have  ordered  layer 
structures  too,  but  the  layer  spacing  of  the  14-8  LB  films  increases 
with  the  pre-annealing.  It  is  estimated  that  the  increase  of  the 
spacing  hinders  the  polymerization  of  the  14-8  LB  films.  The 
reversible  color  phase  transition  of  the  new  peaks  at  704nm  is 
measured.  The  peaks  at  704nm  exhibit  stronger  reversibility  than  the 
peaks  at  640nm.  Pre-annealing  is  thought  to  be  an  important 
technique  for  improving  characteristics  of  LB  films. 
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SEROCrURaL  STUDIES  OP  lANGMUIH  -  BLODGEIT  R3L5f-3-BCM[J  FEMS 


G.GabrlelU^,  D.Giando^,  M»  Nooentini^.  6.  Shrana^,  S.  Sottini^ 
^Ipartlmento  dl  Chiinlca  Fisica,via  6.  CSa^^ponl  9,  Firenze,  Italy 
degli  Etexolcicli,  CNR,  via  6.  Cappcni  9,  Firenze,  Italy 
^I.R.O.E.,  via  Panciatichi  64,  Firenze,  Italy 

The  soluble  polydiacetylene  (poly-3-BCMtJ)  has  been 
extensively  studied  in  the  solid  state  and  in  solution  and 
partioilar  attention  has  been  devoted  to  the  transition  fran 
coil  to  rod  conformations  Recently  the  deposition  on  a 
solid  substrate  by  the  L.B.  technique  has  been  attracting 
attention,  since  it  has  potential  ability  to  control  thickness, 
orientation  and  packing  density  at  the  molecular  level,  we  have 
prepared  L.B.  films  of  poly-3-BCMU  in  view  of  obtaining  material 
with  non  linear  optic  properties  to  be  used  for  the  engineering 
of  wave  guides.  The  structure  of  the  monolayer  and  the  packing 
of  the  multi-layers  deposited  on  a  Ge  crystal  have  been 
investigated  by  FTIR-ATR  technique.  The  infrared  spectra  of 
films  deposited  from  the  expanded  form  reveed  the  presence  in 
the  monolayer  of  a  mixed  structure  consisting  of  both  rod  and 
coil  oonfomations.  In  the  successive  layers  the  rod 
conformation  beocmes  predominant.  On  the  contrary,  in  the  films 
deposited  from  the  condensed  phase  only  the  rod  oonfonnation  is 
present,  we  are  also  carrying  out  experiments  on  L.B.  films  of 
the  polymer  deposited  on  a  wa\^  guide  using  the  resonance  Raman 
spectrosoopy.  This  tecnique  should  provide  a  sufficient  Raman 
signal  also  in  the  presence  of  a  monolayer  together  with  a  good 
monitoring  of  the  building  up  of  the  wave  guide. 


REFERENCES 

1  -  G.N. Patel,  R.R. Chance,  J.D.Witt, 

J.  Chan.  Phys.,  70,  4387  (1979) 

2  -  J.E.BiegajsJu,  R.Burzynski,D.A.Cadenhead,  P.N. Prasad, 

Macrcmolecules,  23,  816  (1990) 


GP16 


LANGMUIR-BLODGETT  FILMS  OF  POLYHETEROCYCLIC  COMPOUNDS  WITH  LONG 

ALKYL  CHAINS. 
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Polyheterocycllc  compounds  which  are  interesting  as  functional  pigments 
are  almost  Insoluble  In  organic  solvents.  By  Introducing  long  alkyl  chains 
to  chromophores  the  soluble  pigments  can  be  obtained  and  spread  as  monolayers 
on  water  surface.  In  this  work,  long-chain  derivatives  of  quinacridone, 
trlphenodithiazlne  and  carbazoledloxadlne  were  newly  synthesized  and  used 
for  the  LB  films  to  control  the  arrangements  of  the  chromophores. 

Surface  pressure  —  area  isotherms  of  the 
quinacridone  derivatives  (1)  were  strongly 
dependent  on  the  length  of  alkyl-chains  and 
the  temperature  of  aqueous  subphase.  In  the 
cases  of  R  or  R'  “  C-'-Cg,  the  phase  trans¬ 
ition  from  expanded  to  condensed  monolayers 
was  observed.  The  multilayers  can  be  prepared 
by  the  horizontal  lifting  method,  although 
the  deposition  by  the  conventional  LB  method 
was  unsuccessful.  Polarized  electronic  ab¬ 
sorption  spectra  of  the  multilayers  together 
with  fluorescence  microscopy  indicated  that 
the  orientation  and  packing  of  the  chromo¬ 
phores  were  changed  with  the  compression 
through  the  transition  region  in  the  mono- 
layers.  From  the  results  of  X-ray  diffraction 
of  the  multilayers,  the  derivatives  with  the 
same  chain  length  of  R  and  R'  were  found  to 
give  more  homogeneous  layered  structures  than 
those  with  the  hetero-length  of  the  chains. 

Polarized  IR  spectra  of  the  films  revealed 
that  the  short-axis  of  the  chromophore  was  h 
oriented  nearly  vertical  a:id  the  long-axis  \-J  Q  OCaHi; 

horizontal  in  the  former,  while  the  chromo- 

phore  took  almost  flat  orientation  in  the  ^ 

latter.  Different  orientations  of  the  quinone  moiety  seem  to  have  an  influ¬ 
ence  on  the  electron  acceptabilities  in  the  layered  systems. 

The  equimolar  mixture  of  the  trlphenodithiazlne  derivative  (2)  and 
stearic  acid  gave  the  stable  monolayer.  The  polarized  electronic  absorption  - 
spectra  and  the  film  thickness  indicated  that  the  chromophore  was  oriented 
with  the  long-axis  nearly  vertical  in  the  LB  films.  The  visible  band  at 
510  nm  in  the  films  changed  to  the  broad  band  around  600  nm  Immediately  after 
exposure  to  hydrogenchloride  gas.  The  reversible  colour  change  from  blue  to 
violet  was  observed  by  ammonia  gas.  This  chromism  is  expected  for  appli¬ 
cations  such  as  optical  devices  and  sensors. 

For  the  carbazoledloxadlne  derivatives  (3  and  3')  with  linear  and 
angular-shape  structures,  the  monolayer  behaviours  on  water  as  well  as  the 
thickness  and  polarized  electronic  absorption  spectra  of  the  built-up  multi¬ 
layers  reflected  clearly  the  difference  of  the  molecular  geometries. 

LB  films  with  well-defined  orientation  and  packing  of  these  7C-electron 
systems  are  of  particular  interests  for  electrical  and  optical  functions. 
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LANG'/IUIR-BLODGETr  MONOLAYERS  OF  ARACHIDIC  ACID 
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Using  grazing  incidence  diffraction  technique  with  synchrotron  X-iays(^=1.488A), 
we  studied  structures  of  Langmuir  monolayers  of  arachidic  acid  on  three  types  of 
subphases(puie  water,  lO^M  Cd2+  solution  and  lO^M  cyanine  dye  solution)  at  20°C,  and 
compared  these  with  structures  of  1,3  and  13  Langmuir-Blogett  monolayers  (arachidic  acid 
prepared  at  30  mN/m,  cadmium  arachidate  prepared  at  25  mN/m  and  complex  of  arachidic 
acid  and  cyanine  dye  prepared  at  40  mN/m)  on  glass  substrates.  Information  on  tilt  of 
molecules  was  obtained  by  measuring  the  intensity  distribution  along  the  Bragg  rod  with  ID 
position  sensitive  proportional  counter. 

In  the  case  of  an  arachidic  acid  monolayer  on  the  surface  of  pure  water,  our 
experimental  data  indicates  that  a  chain  molecule  tilts  toward  a  nearest  neighbor  in  a 
hexagonal  lattice  at  lower  surface  pressures  and  stands  upright  at  higher  pressures.  This 
result  agrees  with  the  observations  reported  by  Kjaer  et  al(1988,1989).  In  the  case  of  a 
monolayer  on  the  surface  of  10*^M  Cd^'‘‘  solution,  the  peak  position  of  overlapping  (1,0), 
(0,1)  and  (1,-1)  reflections  stayed  constant  (26s20.85‘’,  ds4.1lA)  in  the  pressure  range 
from  almost  zero(A=50A^)  to  25  mN/m.  The  diffracted  X-rays  were  mostly  directed  into  the 
low  qz  region  along  the  Bragg  rod  indicating  that  molecules  stand  upright  even  at  a  very  low 
pressure,  where  qz  is  the  component  of  scattering  vector  along  the  surface  normal.  For  a 
monolayer  on  the  surface  of  KHM  cyanine  dye  solution,  we  observed  two  peaks  in  26  scan 
at  lower  pressures  with  respective  intensity  peaks  at  medium  and  high  qz  along  the  Bragg 
rod.  This  result  cannot  be  explained  by  the  model  in  which  a  chain  molecule  tilts  toward  a 
nearest  neighbor,  but  can  be  explained  by  a  model  in  which  a  molecule  tilts  toward  a  next 
nearest  neighbor.  At  higher  pressures(>35  mN/m),  molecules  seem  to  be  standing  upright 
judging  from  the  intensity  disoibution  along  the  Bragg  rod. 

Diffraction  curves  for  single  LB  monolayers  on  glass  substrates  were  similar  to  those 
for  corresponding  Langmuir  monolayers.  For  3  and  13  monolayers,  broadening  and 
distortion  of  diffraction  curves  were  observed.  This  can  be  explained  by  distortion  of  inplane 
structures  or  by  formation  of  3D  crystals.  For  13  monolayers  of  cadmium  arachidate,  the 
intensity  of  diffraction  peak  was  strongly  dependent  on  the  sample  orientation. 
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STRUCTURAL  CHARACTERIZATION  OP  POLYION  COMPLEX  LB  FILMS  OF 
PERFLUOROUNDECANOIC  ACID-POLIETHILENEIMINE 
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In  recent  years,Langmuir-Blodgett(LB)  films  possessing  fluorocarbon  chain 
have  been  attracting  much  attention  because  of  characteristic  properties 
such  as  low  friction,  excellent  insulation,  excellent  durability,  and  so  on. 
Since  the  fluorocarbon  chain  has  weak  interaction  between  them,  it  is  very 
difficult  to  deposit  organic  molecule  possessd^g^  ^uorocarbon  chain  on  solid 
substrate  in  multilayer  form.  A  few  papers'"^'  have  been  reported  for  a 
preparation  of  LB  film  possessing  fluorocarbon  chain. 

In  the  present  work,  we  have  studied  another  exeunple  for  the  preparation 
of  LB  film  of  perfluoroundecanoic  acid(PFUA),  using  polyethyleneimine(?EI) 
as  polycations  and  also  the  structure  of  the  LB  films  by  using  X-ray  dif¬ 
fraction,  polarized  Fourier  transform  infrared  spectroscopy(FTIR-RAS)  and  X- 
ray  photoelectron  spectroscopy (XPS) . 

The  surface  pressure-area  isotherm  shows  that  the  molecule  of  the  PFUA 
doesn’t  form  stable  monolayer  on  pure  water, but  forms  stable  monolayer  on 
aqueous  PEI  solution.  The  monolayer  of  PFUA  on  aqueous  PEI  solution  can  be 
readily  transferred  on  a  solid  substrate  as  I- type  multilayers.  It  is  con¬ 
firmed  from  FTIR-PJ^S  and  XPS  measurements  that  the  LB  films  are  deposited 
uniformly  and  regularly.  From  the  measurements  of  X-ray  diffraction,  it 
was  found  that  the  monolayer’s  thickness  in  the  LB  film  was  12.2A  and  this 
value  is  good  agreement  with  that  of  ellipsometTT-.  These  data  suggest  that 
the  fluorocarbon  chains  in  LB  film  are  laid  on  the  surface.  Also,  the  depth 
profile  of  PFUA  LB  films  was  determined  by  XPS.  The  emgular  dependence  of 
F/N  peak  ratio  indicates  that  the  fluorocarbon  chains  are  located  close  to 
the  surface  and  that  the  head  groups  are  located  close  to  the  solid  sub¬ 
strate.  The  values  of  critical  surface  tension  of  these  LB  films  obtained 
from  Zisman  plot  were  14.2  for  monolayer  and  14*0  for  3  and  5  layer  LB 
films.  From  this  result, it  is  evident  that  most  of  CF^  group  (the  end  of 
fluorocarbon  chain)  exists  on  the  surface  of  LB  films. 
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AGGREGATION  CONTROL  OF  PHOTOCHROMIC  SPIROPYRANS 
IN  LANGMUIR-BLODGETT  FILMS 
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The  control  of  photochromic  reactions  has  been  investigated  in 
Langmuir-Blodgett(LB)  films.  It  has  been  shown  that  spiropyran(SP1822) 
having  two  long  alkyl  chains  forms  J-aggregate(head-to-tail  interaction) 
in  LB  films^.  In  this  work,  we  show  that  novel  spiropyran(MSP1822) 
having  methoxy  group  at  5*  position  of  SP1822  forms  both  H- 
aggregate(side-by-side  interaction)  and  J-aggregate  in  LB  films. 

MSP1822  forms  stable  monolayers  at  the  air-water  interface  in  the 
dark  and  the  most  stable  monolayer  is  formed  on  being  mixed  with 
octadecane  in  molar  ratio  of  1:2.  The  assemblies  of  these  monolayers 
under  UV  irradiation  at  temperatures  above  40®C  exhibit  a  sharp  and 
intense  absorption  band  at  the  shorter  wavelength(490nm)  than  a 
monomeric  raerocyanine  band(560nm)  which  is  assigned  to  the  formation  of 
H-aggregate. 

Furthermore  MSP1822  forms  stable  monolayers  on  being  mixed  with 
methyl  stearate.  The  assemblies  of  this  film  form  monomeric  merocyanine 
under  UV  irradiation,  but  by  rubbing  with  cloth,  they  form  another 
aggregate,  which  has  two  sharp  and  intense  bands  located  at  550nm  which 
is  near  the  monomeric  band  and  at  595nm.  The  absorption  band  at  595nm 
could  be  assigned  to  the  formation  of  J-aggregate,  judging  from  short 
Stokes  shift(34nm).  Detailed  characteristics  on  these  bands  are  now 
under  investigation. 

A  part  of  this  work  was  performed  under  the  management  of  Japan 
High  Polymer  Center  as  a  part  of  the  R  &  D  of  Basic  Technology  for 
Future  Industries  sponsored  by  NED0(New  Energy  and  Industrial  Technology 
Development  Organization). 
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LANGMUIR-BLODGETT  FILMS  OF  POLYMERS  WITH  CHROMOPHORIC  SIDE  CHAINS 

Thnmaa  L.  Penner^  Corporate  Research  Laboratories,  Eastman  Kodak  Con5>any, 
Rochester,  New  York,  14650-2109,  USA. 

Langmuir-Blodgett  (LB)  multilayer  films  have  been  fabricated  from 
anphiphilic  preformed  polymers  with  chromophore-containing  side  chains. 
Depending  on  the  particular  chromophore  and  the  film  structure,  these 
materials  show  a  variety  of  physical  properties,  ranging  from  liquid  crystal¬ 
like  thermal  phase  transitions  to  nonlinear  optical  behavior.  He  have 
investigated  these  ultrathin  films  by  spectroscopic  and  optical  techniques 
such  as  transmission  linear  dichroism  at  ultraviolet-visible  and  infrared 
wavelengths,  FTIR  at  grazing  incidence,  ellipsometry,  and  second  harmonic 
generation.  From  such  experiments  we  have  been  able  to  characterize  order  and 
orientation  of  molecular  segments  including  the  chromophores,  as  well  as  film 
quality  and  structure.  We  conclude  that  such  materials  can  form  LB  films  with 
a  high  degree  of  order  and  stability  in  the  presence  of  the  bulky  chromophoric 


groups . 
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Porphyrins  and  their  metal  oonpleacBB  axe  extensively  studied  fron  the 
viewpoint  of  modeling  electron  transfer  pcoceeaes  in  biological  systems. 
It  is  of  interest  to  incorporate  parphyxins  into  thin  films  by  using  the 
Ifi  technique,  to  fix  the  position  and  odentaticn  of  the  <^es. 

In  this  work  we  obtained  LB  films  of  new  types  of  porp}^in 
derivatives  without  long  all^l  chains,  FD  and  Bf,  by  using  cacbDium 
ioosanoate  as  a  matrix,  to  detezmine  their  arisntaticn  in  the  films. 

The  area  per  molecule  of  PD  for  the  ncnolayer  wd^  the  mixing  ratio 
r«l/15.at  a  surface  pressure  of  25  ntl/m  is  ca.  2.2  nor  whereas  it  is  ca. 
1.1  inr  for  the  monolayer  with  r«l/3,  indicating  different  structures  for 
the  two  monolayers,  m  the  case  oi  PM,  these  values  are  ca.  1.4  nor  and 
0.9  nnr  for  the  corresponding  xatioB. 

Polarized  absorption  spectra  at  noranl  and  45**  inddenoe  for  the  IB 
films  of  PD  indicate  that  the  long  axis  of  PD  molecule  is  parallel  to  the 
surface  for  both  films.  The  anisotropic  hypecfixie  structure  of  ESR 
spectra  due  to  the  coupling  of  the  electrcnic  qpdn  and  Cu  nucleus 
indicates  that  the  macrocycle  plane  of  PD  is  rather  perpendlailar  to  the 
film  surface  for  both  films,  with  a  lesser  distributicn  of  orientations 
evident  frcm  the  spectrum  for  PD  with  the  mBillar  mixing  ratio. 

m  the  case  of  PM,  the  lyperfine  oonponent,  perpendicular  to  the 
macxocycle  plane,  is  only  weakly  observed  in  the  ipectrun  when  the 
external  ma^mtic  field  is  parallel  to  tbe  film  surface,  suggesting  that 
the  macroc^^e  plane  of  PM  is  rather  parallel  to  Idle  film  siofaoe.  These 
results  are  consistent  with  those  obtained  frcm  polaidzed  absorption 
spectra. 


PD 
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ANALYTICAL  SURFACE  SPECTROSCOPY  OF  PHOSPHOLIPID  LB  FILMS 

R. Linton,  V .  Guarisco .  j.j.  Lee,  B.  Hagenhoff*,  A. 
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The  interactions  of  biomolecules  such  as  hormones, 
antibodies,  ,  or  neurotransmitters  with  cell  membranes  are 
important  in  various  biological  processes  Including  cell 
growth,  immune  cell  recognition,  and  neuromuscular  function. 
Biomimetic  surfaces  of  phospholipid/protein  mixtures, 
deposited  as  planar  membranes  using  a  Langmuir  trough,  are 
used  widely  to  investigate  such  molecule-membrane 
interactions .  This  research  centers  on  the  evaluation  of 
various  high  vacuum  surface  analytical  techniques  for  the 
characterization  of  LB  films  containing  phospholipids.  Of 
special  significance  are  the  techniques  of  X-ray  photoelectron 
spectroscopy  (XPS)  and  static  secondary  ion  mass  spectrometry 
(static  SIMS) .  These  spectroscopies  complement  more 
traditional  characterization  tools  by  providing  new 
information  on  membrane  structural  properties  such  as 
substrate  coverage,  film  thickness,  film  orientation,  and 
chemical  composition.  Concomitantly,  the  LB  films  provide 
surface  layers  with  controlled  spatial  and  chemical 
characteristics  that  enable  fundamental  studies  of  processes 
controlling  analytical  signal  generation.  Examples  include  the 
relationship  of  ion  beam  sputtered  secondary  ions  observed  in 
static  SIMS  to  molecular  surface  structures,  and  the 
influences  of  LB  film  stability,  orientation,  composition,  and 
thickness  on  XPS  data  obtained  as  a  function  of  photoelectron 
emission  angle. 

Initial  applications  involve  mixed  LB  phospholipid 
monolayers  and  multilayers  composed  of  dipalmitoylphosphatidyl- 
choline  (DPPC) ,  and  dinitrophenyldiphosphatidylethanolamine 
(DNP-cap-DPPE) .  The  DNP  group  serves  as  an  antigenic  site  for 
subsequent  antibody  binding  studies.  Surface  modification  and 
characterization  studies  of  various  substrates  (e.g.,  silver, 
silicon,  glass,  oxidized  graphite,  mica)  also  are  necessary  to 
optimize  sample  characteristics  for  correlative  surface 
analysis  and  microscopy  measurements. 


GP23 
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A  range  of  amphiphiles  has  been  synthesised  with  fluorescent 
polycyclic  aromatic  headgroups  and  long-chain  hydrocarbon  tailr •  For 
example,  compound  (I)  has  been  prepared  with  n-1,7,17. 


N-(CH2)„CH3 


(D 


The  molecules  all  fluoresce  strongly  in  solution,  with  emission 
bands  in  the  range  425nm  to  SlOnm. 

Preliminary  characterisation  work  with  the  long  chain  analogues 
has  led  to  reproducible  films  on  the  water  surface.  Molecular  areas, 
which  are  largely  independent  of  the  subphase  pH,  indicate  a  slight 
tilting  (between  15  and  20®)  of  the  chromophore  from  the  normal. 

Such  films  have  been  successfully  deposited  onto  a  range  of 
substrates.  The  best  transfer  ratios  have  occured  when  the  materials 
were  deposited  in  alternate  layer  structures  with  behenic  acid. 
Optical  and  electrical  characterisation  of  these  films  is  now  in 
progress . 

Quenching  of  the  fluorescence  in  LB  films,  due  to  molecular 
interactions,  has  been  observed.  The  aggregation  effects  in  mixed 
films  are  currently  being  investigated  using  scanning  optical 
microscopy.  Further  structural  assessment  is  being  carried  out  using 
X-ray  diffraction. 

The  materials  will  soon  be  tested  in  an  electroluminescent 


device  structure. 
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Abstract 

Vibrational  spectroscopic  studies  have  been  used  to  study  the  ordering  and 
molecular  interactions  of  lipid  bilayers  of  l,2-Klipalmitoyl-^-glycero-3-phosphatidic 
(DPPA)  engineered  by  the  LB  te6iniqtte  onto  metal  or  semiconductor  surfaces. 

Current  work  is  aimed  at  the  characterisation  of  a  'biologically'  rdevant  bilayer; 

we  report  our  attempts  to  deposit  and  understand  such  molecular 
assemblies  using  both  external  and  totally  attenuated  reflection  infrared  techniques. 
The  degree  of  lipid  chain  ordering  and  conformation,  and  the  extent  of  head  group 
interactions  have  been  studied  using  infrared  linear  dichroism  -  both  directly  and  using 
subtraction  techniques.  We  have  studied  the  effect  on  the  structure  and  interactions  of 
adding  Ca  cations  to  the  subphase  and  of  bathing  the  model  membrane  in  a  suitable 
(but  variable)  aqueous  environment  in  a  novel  micro  ATR  infrared  cdl.  'In  situ' 
infrared  measurements  have  enabled  studies  of  the  head  group  hydration  or  ionisation, 
and  have  allowed  an  exploration  of  molecular  rearrangements  at  the  multilayer/water 
interface.  These  new  data  have  been  compared  with  our  recent  data  on  DPPA 
multilayers  [1]  in  order  to  highlight  the  special  features  of  a  single  bilayer, especially  in 
the  context  of  the  likely  molecular  behaviour  in  real  membrane  structures. 


1.  VA.  Howarth,  D.F.  Cui,  M.C.  Petty,  H.  Ancdin  and  J.  Yarwood,  Thin  Solid 
Films,  ISQ  (1989)  111;  ibid.  122  (1990)  391. 
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STUDIES  OF  ALTERNATING  LB  FILMS  PREPARED  FROM 
PREFORMED  POLYMERS 

P.  DaviS/  P .  Hodae  and  Z.  Ali~Adib 
Department  of  Chemistry 
University  of  Manchester 
Oxford  Road,  Manchester,  M13  9PL 


Many  micro-  and  opto-electronic  devices  can  in  principle  be 
fabricated  from  LB  films.  Unfortunately,  many  of  the  films 
prepared  from  low-molecular-weight  (LMW)  compounds  are  too 
fragile  to  be  used  commercially.  Polymeric  LB  films  are, 
however  much  more  stable  and  in  appropriate  cases  they  still 
have  significant  order.  We  have  been  interested  in  polymeric  LB 
films  for  several  years  and  have  concentrated  on  the  design, 
synthesis  and  study  of  polymers  which  form  good  polymeric  LB 
films  directly,  i.e.  no  polymerisation  on  the  water  surface  or 
of  the  films  is  required.  We  have  shown  that  polymers  of  the 
type  (1)  form  particularly  good  LB  films  and  they  are 
sufficiently  ordered  to  show  upto  3  Bragg  peaks  in  X-ray 
studies . 1 

Many  devices  require  alternating  (AB)  LB  films.  We  wish  to 
report  our  studies  of  alternating  multilayers  prepared  using 
preformed  polymers.  In  one  type  every  alfernate  layer  is  a 
polymer  and  every  alternate  layer  a  LMW  amphiphile.  In  a  second 
type  the  alternating  layers  are  two  different  polymers.  Many  of 
these  films  are  still  ordered  as  evidenced  by  the  appearance  of 
Bragg  peaks  in  X-ray  studies.  We  are  now  developing  these  AB 
films  to  produce  stable  devices. 

Certain  multilayers  can  be  rendered  even  more  stable  by 
UV-initiated  crosslinking.  In  this  way  it  is  possible  to  draw 
patterns  in  the  films. 


1.  P.  Hodge,  F.  Davis  and  R.H.  Tredgold,  Phil.  Trans.  R.  Soc. 
London,  330,  153-166  (1990) . 
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Thennally  induced  phase  transitions  in  multilayers  of  Cd  arachidate 

P.  Tippmann-Krayer,  R.  Kenn,  H.  Mohwald 
(Univ.  Mainz,  Inst.  Phys.  Chem.,  D6500  Mainz) 

K.  Kjaer,  J.  Als-Nielsen  (Rise  Natl.  Lab,  DK4000  Roskilde) 


Monolayers  and  multilayers  of  Cd  arachidate  on  SiOa  support  have  been  studied 
by  X-ray  diffraction  and  reflection  (see  Fig.l), 

The  monolayer  exhibits  a  hexagonal  lattice  with  vertical  aliphatic  tail  orientation 
and  lattice  spacing  as  previously  measured  the  monolayer  on  watar. 

The  multilayer,  however,  independent  of  thickness,  at  room  temperature 
exhibit  two  difti’action  peaks  aftrRmted  to  tite  (1,1)  and  the  (0,2)  spadngs  of  an 
orthorhombic  lattice  spanned  by  die  hydrocarbon  chains.  This  corresponds  to 
unit  cell  dimensions  of  a=4.85A  and  b»7.S0A.  Measurements  along  the  Bragg 
rods,  i.e.  for  a  fixed  in  plane  angle  corresponding  to  the  maxima  but  varying  the 
out  of  plane  diffraction  angle,  then  )deld  the  tilt  angle  of  the  tails  with  respect  to 
the  plane  normal.  One  derives  a  uniform  tilt  angle  of  7±1 '  towards  the  a  axis  and 
no  tilt  towards  b.  This  tilt  angle  is  independent  of  temperature  up  to  100  *C. 
Raising  the  temperature  above  60X1!  the  most  pronounced  change  is  the  shift  and 
the  intensity  reduction  of  the  (0,2)  peak  revealing  an  increase  of  the  b  dimension. 
Approaching  100*C  this  peak  broadens  and  merges  into  d^  (1,1)  peak  which  itself 
shifts  to  smaller  angl^.  The  lattice  spacing  then  corresponds  to  the  one  measured 
for  the  hexagonal  phase  of  arachidic  acid  monolayers  on  water  and  on  silica 
support.  Reducing  the  temperature  again  basically  the  original  orthorhombic 
structure  can  be  restored.  X-ray  reflection  in  addition  shows  that  neither  the 
interlayer  spacing  nor  the  overall  thickness  change  during  heating  up  to  100  ®C. 


Fig.l:  X-ray  diffraction  intensity  versus  in  plane  diffraction  angle  for  a  monolayer  (left) 
and  for  a  multilayer  existing  of  3  monolayers  (right)  of  Cd  arachidate. 
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FT-IR  METAL  OVERLAYER  AIR  SPECTRA  OF  LB  FILMS  OF 
12-HYDROXYSTEARlC  ACID  AND  ITS  CADMIUM  SALT 

Takesbi  Hasegawt)  .hiazn  ai^  Tehro  Takenaka 

Institute  for  Chemical  Research^  Kyoto  University,  Uji,  Kyoto^Fu  611,  Japan 

Hydioxyst^c  acids  are  known  to  exlubit  wide  pkd^  in  n-A  isotiterms. 
From  varimis  view  pdnts  including  the  result  of  die  suffice  nKHn^t  meaajronent,  this 

plateau  i^imi  has  been  mtributed  to  the  str^mualtniuilkm  from  an  inidal  ccmt^t  of  both 
hydroxyl  and  carboxyl  groups  with  die  aqtmous  ^i^iase  to  a  omtact  oidy  of  the  carboxyl 
groim«  where  the  hydroxyl  group  is  forced  out  of  tite  interface  ihning  surface  compression. 
Spectn^copic  examination  of  structural  changes  chitiDg  diis  process  Ims  not  bemi  performed. 
Therefme,  we  tried  to  make  these  points  tdear  by  prqmvfog  LB  films  traasfoned  at 
various  stages  of  surface  compression  toa  ftm  nmtal  ^acemidmm^ring  FT^IR  metal 
overlayer  AH^  spectra  which  has  bemi  recendy  proposed  by  Ir^tda  et  al  as  a  high-sensitivity 
tool  for  stuc^ng  the  molecular  struchoe  and  oiientatkm  in  ultrathio  oiimnc  fflms. 

By  combining  bmh  vodcal  and  horizontal  lifting  n^o^  T-momdayer  LB  films  of  dl- 
12-hydroxystearic  acid  (12HSA)  wem  frdmcated  on  silver-coated  slide  glasses  from 
monolayers  on  the  water  subphase  controlled  to  jdi  4.5  at  vmums  stages  of  surface 
compressitm  including  die  plateau  r^km.  7-Monok^  LB  films  ofcattaiuim  salt  of  12HSA 
were  also  made  from  monolayers  rni  die  water  sidqdiases  rnffil  6.0  3xl(H  M  CdG2  and 
3x10*^  M  Nal{CX)3.  Thoesanmtes  wemtigl^yattatMfoafiataurfriceofabeinicyrindrical 
germanium  prism«  and  subjected  to  FT-IR  AIR  messumiiefits  widi  the  ai^e  of  incidence  of 
75*  by  a  Nictdm  Model  6000C  ^ectrofdiotometer  eqi^iped  widi  a  Hanick  Model  AHC-15P 
varijdile  angle  ATR  atmdmment . 

The  intensity  ratio  of  the  symmetric  CH3  stiekdiing  band  to  the  ^mmetric  CH2  ^retching 
band  was  almost  unchanged  in  the  plateau  r^tm,  while  it  increased  drastically  at  the  solid 
cmidmised  state.  This  ratio  is  a  measime  of  the  orientation  of  hydrocarbon  chains,  beoiuse  die 
verticid  alighment  of  die  hy^ocafoon  riiain  to  dm  film  {dane  tfiminishes  die  imoirity  of  the 
symmetrk  <B2  ^'^mg  band,  tat  keqps  that  of  foe  simametite  ^retching  band 

mamically  tm^an^by  foe  wfrme  srietami  rule  ef  foe  mebd  overiayer  AIR  ^e^nmcqiy. 
T^efore*  foe  foove  mipmimeDtai  indkide  that  foe  avenge  orieiM^mi  of  the 
hydrocartxm  cbaut  (mefoylcme  segments)  dtae  net  dhm^fo&ing  foe  ttanritkm  altai^  the 
diains  are  gradually  forced  out  of  foe  v»ter  sufoce.  ,The4ven^  orientmioa.are  improvta 
only  in  the  scdid  condensed  state.  The  low  frequtacy  shi^  of  foe  ^mamtrfo  CH2  stretching 

band  was  also  observed  only  U  foe  scdid  oondeast^  sb^  ind^itiog  fott  foe  foaif^t  tnns- 
zigzag  conformmion  of  dm  hydiocttatfo  (Aibu  ptetnfo  at  tUs  foite; 

frifoecise  csdRfotm  stftif  wasmOpMemii^iM  miti7r-A  tafoerm  as 

in  mufanhiffl  stearme.  Metid  taeitlyer  ATRspee&aoffofoeUffimsfoowed  only  dm  high 
inteM^  rmio  of  foe^rranettfo  ^3  ssn^^  baod^to  foe  ^muaeiifie  C^foetfomg  band 

uie^emi\m  al  dm  suhssaMm,m&esi^  foe  pteseace^  ifomfomlsme  twfoce  stm. 
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IN^PLANE  CmiENf  ATION 

OF  A  DODECYLOXY  SUBSTITUED  TRIARYL  PYRYLIUM  SALT 
BY  THE  LANGMOIR.BLOD6ETT  METHOD 


C.  Ecoffet*  •  D.  Markovltsi*!  M.  Vandcvyver  asd  A.  Barraiid  Ctntn  eTEtudes  de  Saclay, 

DSMlDPhOlSCM,  Fmm  France,  KMKS  UA  33 J,  Lab.  de  Photochimie 

M.  Vcber,  C.  JTallabcrt  aad  H.  Stnclecka 

ESPCJ’CNRS UA  429, 10,  rue  Vauquelin.  73231  Paris CedexSO,  France 

The  triaiyl  pyrylium  salts  {»esented  in  Fig.l  diiqday  columnar  liquid  ciystalline  phases  which 
are  strongly  fluorescent.  M<»«over,  it  has  been  R^i^ted  recently  that  diseogenic  molecules  can 
ftms  st^rie  oxMiolayeis  in  the  ak/water  inteiflice. 

Fig.  1:  The  2.4,6  trivyl  pytylium 
fluoroboiates  CnPy.  R<^nH2n-fl 


In  the  piesent  coimnufiicuioB.  LB  fitas  fonned  tte  dMfft  duun  triaryl  pyrylium  salt  Ci2Py 
are  inve^gi^.  A  mcmdayer  trfpure  C|^  is  ittable  at  the  aii/Water  interfat^  up  to  37mN/m. 
Multilayers  c»  be  very  easRy  built  up.  Those  films  are  opiiciifly  perfiict  and  Am  of  any  light 
diffusing  defects.  They  exhibk  a  stnmg  tnrefinn^ace  die  oj^ieal  stes  ci  whid)  are  parallel  and 
perpendicular  to  the  dipinng  Section.  Such  a  strong  anisotrof^  b  also  found  in  the  polaii^ 
infira-red  absorption  specora.  Inpaitieultf,  die&ies  at  IfiSSctr^  ttd  1520  cm*l  assigned  to  in¬ 
plane  slmletal  vilmtions  of  Ae  ^nylium  and  the  ^eoyl  |nN|^  r^^teetively  are  highly 
anisotropic:  the  abKtrpte  im^s^  (Served  sdMm  eleetrie  ve^  b  p»tdtel^  the 

di^ngdkectioab  six  times  higher  to^oneobttmedfiardiepeqpmKfieuiar  otbmuttkxL 
Such  a  b^aviouf  rules  CM  amcte^armraitgementlii  udidifiie  mosiMbeoi^  hqr  flat  on  the 
subimte  mid  strongly  $u|^^  a  dde-on  padd^  This  b  in  ifooiitble  apemneM  with  the 
moleculm*  deteratinedito  the  con^ue^on  botiiertu,  inst^  of  ISOA^  for  flat 
cores.  These  remits  show  Am  LS  techak|iie  appears  to  be  an  a^ctive  mediod  for  the 
orientation  df  ds^enic  confounds  over  mueaded  sisfac^. 

Thequesticui4^Sglftteoad6CidtfdiskSi.^iOiiedlnAol£iSpi»faiBa  i^^m«$tfuc^ 
os  a  possibleimenc^n  wiAk^subsmue  ^ibo  to  aamsanie  dboo^md^  wMtfiin  each 
lay^.  Aomnpanttive  «u#4f  the  limtaeseence  properti^,  whieh  m  smi^ve  m  die  local 
envbonimnf  ^  Ae  chrmaophoie,  i^kate  dim  the  se^nd  Qpe  of  nmrteculm  armgement  is 
more  pndiable. 


GP29 

Fm  STUDIES  OF  CONDUCTING  LANGMUIE-BLODGETT  FILMS  OP 
O-HEXADECYLTHIOCARBOXYTETRATHIAFULVALENE(IDTTTF) 


Y.P,  Soag^b.  A.S.  Dhiadsa^b,  M.R.  Bryce*,  M.C.  Petty*>,  J.  Yirwood* 


*D^ai»aent  of  CLemistiy,  University  of  Durham,  DURHAM,  England,  DHl  3LE 
bMolecniu  El^trosics  Research  Group,  Sdiod  of  Engiaeeting  and  ApplM  Sdeuce, 
University  of  Durham,  DURHAM,  En^^and,  DHl  3LE 


Alisirart 

Hglily  conducting  ^  1  S  cm*i)  thin  films  of  HDTTTF  have  been  prepared  by  LB 
deposition  followed  by  iodine  doping.  Fourier  Transform  infrared  Spectroscopic  (FTIR) 
characterisation  of  the  LB  films  is  printed  in  this  work.  Upon  iodine  doping,  significant 
changes  in  the  infrared  spectra  are  observed.  These  include  the  appearance  of  the 
vibronically  enhanced  TTF**  band  at  1344  cm*  ^ ,  the  diuppearance  of  the  i/(CssC)  TTF 
band  at  1524  cm*  S  the  shifting  of  the  t^OS)  stretching  band  at  793  cm'^  and  the 
out-^Hdane  deformaticm  band  at  645  em*^  and  the  intensity  enhancement  of  the  i/(CH) 
and  the  out-of-^aae  deformatiott  bands.  AH  these  changes  in  the  spectra  can  be 
attributed  to  the  ionisation  of  the  TTF  moleeule  and  the  delocalisafron  of  the  valence, 
dectrotts  in  TTF**  radical.  From  the  compiiisoB  of  FTIR  ATE  (AUenuMed  Total 
R^^tira)  and  EA^  (Rafieetion  Abiosptioa  Iiteed)  ^eetm»  sfruMM  informition 
su^  as  OBenta^u  of  ^  aBeyt  chafos  md  theih(fifiduM  ^poki  have  also  beoLO^^ed. 
We  donoattrate  how  FTIE  can  be  employed  to  coimlaie  ch^es  in  the  mieroieppc 
ordering  of  the  mdividual  mcdecnles  (e.g.  odenti^on  si  alk^  and  individual 
tranation  tfipo^)  inA  the  ^etionic  ieasma§im^  {e.g»  imn^ion  and  ^foeafisatira  of 
valeiee  electrons)  fo^oMat  the  cmidaeti^  ^ooan. 
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The  structure  and  stability  of  metal  surfaces 
modified  by  silane  LB-fiims 

M.  wolpers.  M.  Stratmann,  H.  Viefhaus,  H.  StrecKsl 

MPl  fur  Eisenforschunf ,  Postfadh  140260, '4000  Dusseldorf,  FRG 

Very  frequently,  organic  polymers  are  used  to  protect  reactive 
metals  like  Fe’,  Cr,'Ni  against  corrosion.  The  stability  of  the 
polymer  film  depends  strongly  on  the  chemical  interaction  betveen 
the  molecules  of  the  polymer  and  the  metal  substrate,  ^erefore, 
it  is  expected  that  the  stability  of  the  interface  is  increased 
significantly,  if  chemical  bonds  are  formed  between  reactive 
groups  of  the  polymer  and  the  substrate  surface. 

Silanes  are  wellknown  as  primers  and  coupling  agents  and  should 
react  in  exactly  the  manner  as  described  above,  forming  stable 
si-*o>metal  bonds.  In  order  to  study  such  interfaces,  polymeric 
and  monomeric  silane  LB-films  (n-Hexa-,  n-  Octadecyl- 
trichlorosilane,  Chlorodimethyloctadecylsilane)  have  been  formed 
on  substrates  like  Fe  or  Ni  ^  and  analyzed  as  well  in  an 
UHV-enviroment .  by  surface  sensitive  methods  as  in  a  humid 

atmosphere  by  a  Scanning  Kelvin  Microprobe. 

*  \ 

During  preparation  of  l>B-films,  the  trichlorosilanes  form 
polysiloxanes  on  top  of  the  water  surface.  Because  of  geometrical 
reasons  a  twodimensional  polymer  will  be  formed  with  a  high 
stability  an  a  low  elastistv  which  results  in  domain  formation 
and  cracks  within  the  LB-film  during  transfer.  The  degree  of 
coverage  of  such  modified  metallic  substrates  was  tested  by  SEM 
and/or  SAM.  It  could  be  recognized  that  the  metallic  substrates 
modified  with  polysiloxanes  e^ibited  more  or  less  an  island 
structure.  The  surface  analytics^  ex^rimnts  also  aliens  to 
define  the  orientation  of  the  molecules  within  the  LB-film  and 
their  interaction  with  the  substrate  surface. 

Besides  ex  situ  IIHV  studies  the  lateral  order  of  Li-film  oii  tt^ 
of  the  metal  sutetrate  and  its  Stability  has  be^  (B^udl^  in  a 
humid  atmosphere  with  a  Scanning  Kelvin  flicr^robe* 
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ISSONANCE  lUttlAN  AND  IMfRARED  STUDIES  GM  I£  FUIS  OP  SOME  O^ANINE  DYES 
Yi.  OZAKI.  N.  KAiAYAMA,  Y.  FUJIMDTO,  T.  ARAKI*,  and  K.  IRIYAMA** 

D^}Eu:tnient  of  Oisnlstry,  Sdwol  of  Scienoe,  Kwansei  Gakuin  University, 

^  Ueg^iara,  Ni^iincmiya  662,  JAPAN, 

FLontier  Tieciviology  Heseeupdi  Institute,  iPokyo  Gas  Go.  Ltd., 

^  Minato-ku,  Ttol^o  iOS,  JAPAN, 

Division  c£  Bioctetoisdv,  Institute  of  Medlo^  Science, 

nie  Jikei  Iftii^^csity  SctiodL  of  Medicine,  Minato-ku,  'foicyo  105,  JAPAN 

Resonance  Ranfain  and  infrared  spectra  have  been  measui^  fcBc  I£  films  of 
3-octaclecyl-2-C  3-{3-octadecyl-2-ben2othiazolinylidene)-1  -pte5enyl]b««othiaa>- 
liuffl  iodide  (^(-2560)  and  some  other  c^iine  d^  in  ordir  to  proviite  new 
insi^  ii^  their  molecular  orie^tion  and  structure  in  tite  films. 

Resonance  Raman  ^ectra  of  the  IB  films  including  one  monolayer  films 
have  been  dbtained  with  hi^  signal  to  noise  ratio.  The  488.0-nm  excited 
resonaiK^  Raman  spectmn  of  one  mcmolayer  IB  film  of  NK  2560  is  almcmt  identi¬ 
cal  with  the  spectra  of  its  2-  and  3-mMiolayer  IB  films,  indicating  that  the 
structure  of  the  d^e  do^  not  depend  upon  the  laxaber  of  monday^  and  the 
interaction  between  the  dye  and  the  substrate  (GaF2)  is  v&y  weak. 

Vibrational  assignments  ci  the  aboee  spectra  are  not  strai^tforward,  but 
it  may  be  po^ible  to  assi^  bemds  at  1557,  1465,  and  1422  csH  to  stretching 
modes  of  the  central  conjugated  syrtem.  Vibrational  frequencies  of  the  three 
bands  are  almost  i^tical  with  those  of  the  corresponding  of  NK-2560  in 
solutions.  Since  US  stud^  of  NK-2560  showed  that  it  takes  oonformer  A,  in 
%hich  the  central  Om^ugated  syston  assumes  all-trans  configuration  and  the 
bond  order  of  eadh  bend  in  the  system  is  one  and  half,  the  close  similarities 
in  the  band  frequendies  between  the  IB  films  and  ablutions  suggest  that  MK- 
2560  also  takes  oonformer  A  in  the  IB  film^  Although  the  band  frequencies  of 
the  three  stretching  modes  are  very  similar  to  each  other,  the  relative  intei- 
sity  of  the  1557  band  is  much  stronger  in  ^  IB  film  spectra,  compared  with 
those  in  the  cast  film  and  solution  spectra”.  The  488.0-nm  excitation  cf  the 
IB  film  sgec^  gives  the  spectra  of  H^aggregate  of  the  cyanine  while  the 
same  excitation  of  cast  film  and  solution  i^tectra  provides  the  spectra  of  its 
dimer.  Therefore,  it  seems  ttet  the  marioed  intensity  increase  in  the  1557 
on  '  band  is  characteristic  of  the  H-aggregate.  Probably,  the  structure  of 
NK-2560  alters  sli^tly  upon  the  formation  of  the  H-aggregate. 

A  oon^ariaon  oi  inftaxed  triBismission  and  reflection-absorption  (RA) 
spectra  of  the  6-monolayer  IB  film  of  NK-2560  shows  that  the  intensities  of 
beBids  due  to  CH2  antisyneetric  and  symmetric  stretching  i  ies  and  those  ct 
bands  arising  from  Stretching  modes  of  the  central  conjugated  system  do  not 
eshibit  large  changes  between  the  two  spectra.  This  ofaeervation  indicates 
that  both  the  chains  mad  the  conjugated  systest  are  neither  p«:pandicailar  nor 
parallel  to  the  surteoe,  being  tilt^  oonsidenhly  firom  the  staetece  normal. 

Bands  due  to  the  OI2  anti^mmetric  and  synmetxic  stretching  modes  appear 
at  2918  and  2850  cm*  ,  rtepectively.  In  the  MK-2560  lis  film  ^pectea  while  they 
are  identified  at  2922  and  2852  cm*  ,  respectively,  in  the  inltoised  spectra  of 
IB  films  of  NK-^1  (3-octadecyl-2-[7-(J-octac]^l-2-bet^thiazolinylidene) 
-1,3,5-heptatriei^l]beimothi&zolium  perchlorate),  vhich  has  larger  chrcmophcar- 
ic  group.  Ttxne  rsmilts  suggest  that  the  tq^drocarisn  dwlns  of  NK-2S^  are 
higiily  ord&ed  (trans-ziqzcjct)  in  the  IB  films  but  thcxie  C3f  NK-2861  are  sli^it- 
ly  less  ord''red  there.  Probably,  the  larger  chrcmophore  of  MK-2861  produce 
l^s  orctere  structure  in  the  hydrocarbon  chains  of  the  IB  films. 
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CHARACTERIZATION  OF  LANGMUIR-BLODGETr 
OVERLAYERS  BY  TIME-OF-FUGHT  SECONDARY  ION 
MASS  SPECTROMEIRY  (TOF-SIMS) 

B.  Hagenhoff  and  A.  Benning^oven,  Physikalisches  Institut  der 

Universitat,  Wilhelm-KIemm-Str.lO,  D-44(X)  Mftnster,  FRG; 

H.-U.  Siegmund  and  D,  Holti^nnp,  Ba^er  AG,  Zentrale  Forschung 
und  Entwiddung,  D-4150  i^fdd-Uerdingen,  FRG 

Thin  films  prepared  by  tte  Langmiur*Blodgett  (LB)  technique 
have  turned  out  to  be  model  ^tems  for  various 

applications.  On  the  one  hand  films  consistis^  of  components  from 
one  substance  class  (e.g.  fatty  acids)  can  be  usdl  to  get  insight  into 
basic  processes  of  the  us^  surface  analyst  technique  (here 
Secondary  Ion  Mass  Spectrometry  (SIMS)).  On  the  other  hand  more 
complex  systems  (e.g.  binary  mhdures  of  a  pol^eric  amphiphile  and 
a  peptide  or  a  saccharide)  offer  the  po^ibility  to  gain  a  better 
understanding  of  the  ^nd{Hes  of  operation  of  biological 
membranes  or  biosens(»s.  ^pedaity  for  the  latter  application  a 
surface  analysis  technique  of  high  sensitivity  supplying  molecular 
informations  with  high  mass  resolution  is  requirdi. 

We  have  therefore  applied  high  mass  resolution  TOF>SIMS  to 
the  analysis  and  characterization  of  different  LB  systems  ranging 
from  fatty  acids  to  binary  mixtures  containing  polymeric 
amphiphiles.  Noble  metals  (Ag,  Au)  mporated  onto  polycarbonate 
have  been  used  as  substrate  materials.  ITie  influence  of  primary  ion 
dose  density,  substrate  material  and  film  thidmess  on  the  secondary 
ion  formation  will  shortly  be  discussed.  The  more  application 
oriented  investigations  have  induded  the  comparison  of  monomeric 
and  polymeric  amphiphiles  concerning  the  film  quality,  the  detection 
of  contamii:ations,  the  monitoring  of  decom^sition  effects  and 
long-term  stability,  the  influence  of  additional  components  like 
lipides,  saccharides  and  peptides  as  well  as  the  nmnitoring  of  vertical 
diffusion  in  binary  mixtures. 

Additionally  results  obtained  the  application  of  imaging 
TOF-SIMS  and  laser  postionizmion  mass  spectrometry  will  be 
reported. 
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THE  CHARACTERIZATION  OF  TWO  COPPER  PHTHALOCVANINE 
LANGMUIR-BLODGETT  FILMS  AND  THEIR  GAS-SENSITIVE  PROPERTIESa 

Ande  Lu>  Tiejin  Da^irng  Jiang/  Ziqiiing  23iuA*x,  Yajun  Li/  Xiaoiin  Pang  and  Yi  Fan 
(Changchun  Institute  of  Physics.  Acadeaia  Sinica.  Qiangchun  .  P.R. China) 

The  aonolayer  and  deposition  behaviour  of  a  syuetrically  substituted 
[  tetra-4“  (  2.  1-di  tert-a«j  Iphenoxy)  ](  tapCuPc  )  and  an  asywetrical  ly 
substituted  •  tri-4-  (  2.4-ditert — aaylphenoxy  )-iono-4-(  2-iethoxyethoxy  )' 

(  AsyCuPc)  copper  phthalocyanine  »eceinve$ti$ated.  Surface  pressure  vs.  area 
isotheras  for  both  coipounds  showed  reduced  hysteresis  and  better  aonolayer 
stability.  The  area  per  cotecute/  obtained  by  extrapolating  the  steeply 
rising  part  of  the  curve  to  zero  pressure,  is  less  than  that  of  Pc 
nacrocycle.  This  inplies  that  the  nolecular  overlaps  with  different  degrees 
can  be  occured.  The  linear  dichroic  IR  spectra  and  UV-visible  absorption 
spectra  of  tapCuPc  and  AsyCuPc  LB  filns  transferred  on  Cap,  substrate: 
showed  priaarily  that  the  orientations  of  both  tapCuPc  and  AsyCuPc  not^cules 
are  different.  The  notecule  of  AsyCuPc  is  nore  flat,  the  tilted  angle  of  Pi 
ring  on  substrate  surface  is  relative  snail.  This  represented  that 
interaction  nechanisi  between  syaaetricalty  substituteed  group  and  water 
oolecule  was  different  frca  that  of  asynaetrical ly  substituted  group  with 
water  Mo!.e''.;le. 

In  order  to  obtain  well-ordered  bilayer  asseablies  by  y-type  deposition, 
the  stable  ai.;ed  lonolayers  coaposed  of  AsyCuPc  and  Stearic  Acid  (SA)  with 
the  various  nolar  ratio  were  foraed  on  an  aqueous  subphase.  The  experinenlal 
results  iho'.ed  thai  the  molecules  of  stearic  acid  have  a  certaLi  effect  on 
ordering  structure  of  AsyCuPc  aolecules.  The  structure  cf  the  nixed  LB  filns 
in  the  ratio  range  of  AsyCuPc;  SA<aol )  froa  0.25il  to  >  0.25  wai  studied  b.; 
.•.-tty  .1  i  f  f rac t  ion.  The  low  angle  x-ray  diffraction  patterns  showed  that  the 
mi.ifil  lb  filns  have  a  well-defined  layer  structure.  Froa  the  e.xperiaenl 
resul*.  I*  can  be  considered  that  the  nixed  LB  filns  contain  partly  n 
ik'ult I e ^-molecule  strnc'uce.  i.  e,  some  of  the  AsyCuPc  aolecules  can  be 
super  impose-!  bencafli  stearic  acid  aoiecules  and  the  other  of  the  AsyCuPc 
molecuies  can  be  squeezed  aaong  the  stearic  acid  aolecules. 

The  measurenents  of  conductivity  of  LB  filns  in  the  presence  of 
different  gas  nt.^tures  (20ppa  of  NH,  .  200ppa  of  NO,  in  air  and  200ppn  of  $n 
in  air  etc.  )  reveals  that  both  AsyCuPc  and  tapcuPc  LB  filns  are  only 
sensitive  to  the  presence  of  NH,.  The  response  and  recovery  proce^pses  of 
both  tapCu"'  and  AsvCuPc  LB  fila  gas  sensors  on  e.xposure  to 
20/  40'  60/ 8C  tuOppa  of  NK,  in  air  was  given  out.  The  response  and  recovery 
tine  exposea  '>  2nppa  of  NK,  in  air  were  less  than  30  seconds  and  3  ainutes 
respectively.  .  spared  with  the  results  reported  by  previous  works.'''*”  it  is 
presented  that  the  excellent  selectivity  of  the  two  CuPc  aateri^l  aay  be 
atirlliufed  to  the  interaction  between  f.eripheral  st'bsf. tuent  of  Pt  ring  and 
tested  gas  aolecule. 

'1]  r. Baker  0. Cf. Roberts  ar  I  M. C. Petty.  lEE  Proceedings.  Vol.  130>No.  5(  1933  )263 

H.Hohitjen.  W.R. Barger.,  A. W. Snow  and  N.l. Jarvis.  IEEE  Trans, Electron. 
Devices.  32(1985)1170 

13.'  S.H.K'o.  C.H.Fu.  H.Y.Wang.  D.A.Batzet.  N.E.Rennay  and  J.B.Lando, 

Sensors  and  Materials-  2.  1(1990)39 

The  subject  supported  bj  National  Natural  Science  Foundation  of 

ChinatNSFr). 

»  Present  addr.?ss!  Deparlieni  of  .'heaistry,  Jilin  University. 

••*Pre£enl  addres.;  Departaent  of  Chenistry,  Henan  University. 
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STEREOREGULARTTY  EFFKJTS  OF  PMMA  ON  THE  MC»IOLAYER 
CHARACTERISllCS  AT  THE  AIR-WATER  INTERFACE  AND  ON 
THE  LANGMIUR-BLODGEIT  FILMS 

Jang-Joo  Kim,  Sang-Dcm  Jung,  and  Wd-Yon  Hvrang 
Electronics  <md  Telecomnumicatitms  Research  InstUme 
Daejeon.  30S-m  KOREA 
and 

Dae-Lok  Bae,  Kyu-Jong  Lee,  and  Joog-Duk  Kim 
Korea  Advanced  institute  for  Science  and  Technology 
Daejeon,  305-606  KOREA 

The  ster^negularity  effects  d  poiy(inetli^  methaarylate)  (PMMA)  on  the  ptessuTt-itea 
(■ir-A)  isotherm,  transfer  ratio  and  film  bomogmeity  have  been  investigated.  The  ir-A  isotherm 
of  atactic  and  syndiotactic  PMMA's  were  similar  in  shapes  but  la^er  spedfic  area  for  atactic 
PMMA.  However,  that  (rf  notactic  PMN'A  was  different  fitmt  the  other’s  dmwing  two 
inflection  pants  at  the  pressure  of  8  aiKi  15  dyn/cm  and  long  tail  at  low  surface  pressure. 
Hysteresis  upon  compressioo  and  release  found  for  all  PMMA’s  when  the  floating 
monolayers  were  ocxnpressed  above  anmndmately  20  dynfem.  The  hysteresis  increased  as  the 
compresaon  speed  increased.  On  the  contrary,  when  they  were  compressed  below  15  dyn/cm 
and  released,  little  hysteresis  was  noticed.  Collapse  pressure  increased  in  the  order  of  atactic, 
isotactic  and  syndiotactic  LIMA’S. 

Transfer  ratio  indicated  rhat  all  the  PMMA  films  were  Y-type  when  they  were  tran^ered 
onto  Cr  coated  dide  glass  at  15  dyn/cm,  but  the  transfer  ratios  for  the  upstrdees  were  higher 
than  for  the  doum  strdees.  Film  homogeneity  was  examined  by  etdiing  the  LB  film  deposited 
samples  by  Cr  etchant.  Miat^aj^is  on  the  syndiotactic  and  atactic  PMMA’s  were  featureless,  ' 
suggesting  that  the  films  ate  rather  homogeneous.  However,  tiiat  cd  the  isotactic  PMMA 
shows  creaks  paraltel  to  the  dipping  directitm.  This  difference  may  reflox  the  difference 
of  the  floating  monoi^ers  at  die  air-water  interface.  The  diff»ences  in  ir-A  isoterms  and 
the  film  mo^Kde^  will  be  discussed  in  relation  to  the  pertymer  interfadsd  conf^mation 
and  mdecular  amusement  based  on  surface  potential  me^remenU. 


Studies  cm  Syntlt^is  ctf  PMAOfE>AN-l  «i^  Ouuractar  d  IM  Films 


YiwpiittZhto.  Muiflai  Oao,  XJjuui  Dengt  Hid  Wang,  Hejn  U  and  Xbqd  Iteg 
OmmUrf,  Jlk  Ihmrmlf,  OnigdH,  130023t  £!■«> 

Abttnct 

We  have  rqxxrted  that  anew  kind  (rfpd}^nef^iyiit}ie(iwd  and  its  Ul  film  bMidied^*^.  Tbatisahout 
the  niono-[6-<4tl'  ~azonaphthalaie)<MQr[]hexyl  ester  ef  poisrmalUc  a/M  <FMACME>*  bi  dtii  paper  wa  re¬ 
port  that  the  iiiono-C6-(4-anthraquinone-I-azo-pbenQxy)3hexyl  oter  of  polyniaMc  a^  (^itACME-AN- 
1)  was  ^nthested  by  the  reaction  of  6-(anduaquin<»e-l-a2io-4'  -ptmiyloxy}  hexanoi  and  ptrfymaldc  an¬ 
hydride  fPMAN)  which  was  ixepared  by  free  radical  polynaerization  wMi  BPO  m  die  initiate  at  90'^ 
95*0.  Schematic  Qrnthesis  route  is  as  follows: 


The  title  compound  was  charactmized  by  FT-IRt  *H  NMR«  Eieinentary  analysis  and  MO. 

It  was  determind  that  the  H,  of  PMAN  equals  to  1. 1 X  10'>  its  oorrepondinf  D.  P(n+m)  equals  to 
11.  But  the  Af.  of  PMACME-AN-1  equals  to  3. 2X 10’. 

The  w-A  curve  was  drawn  on  the  surface  of  water.  This  curve  has  a  good  linear  relationship  area.  We 
have  prepared  sc»ne  good  LB  films  on  the  substrate  of  quartz  or  CaPf.  We  oould  see  diat  6-anthraquinoiK- 
l-azo-4'  -phenyloxy  side  diain  has  asymmetrical  structure*  this  is  meaningful  for  the  study  on  nonlinear 
optics  and  photodirmnisffi.  In  addition,  we  studied  the  effect  of  the  interactioo  among  the  tuoahoa!  groups 
for  eletronic  excited  processes.  We  tdso  prepared  the  same  kind  of  polymer  in  whidi  the  number  of  methy¬ 
lene  equals  2.  From  the  UV  absorption  qicctrum,  we  found  that  the  tanner  and  the  latt«  are  differant  in 
UV  abaorption,  so  that  there  are  a  different  interaction  among  the  two  kinds  of  mdecules.  At  the  same 
dme,  we  prepared  the  similar  polymer  widi  S-Cw  2-)anthiaquinone-2-azo-4'-pii«)yl(n(y  ride  diain  and 
found  that  the  effect  of  dlfflHent  substituted  poeitiona  for  die  interaetien  of  ^bient  grotdis. 

Foisr  kinds  of  PMACME-AN  have  been  studied  by  eenvemional  and  Imer  specaoacopy  and  didr  char¬ 
acters  of  LB  tOim  were  contrasted  with  corresponding  compounds  in  solution.  Witt  the  aid  of  die  linear 
dichroisn  infrared  and  UV  medium,  it  has  been  investigated  that  the  molecular  orientation  of  LB  films  de- 
porited  on  a  CaFi  substrate  with  multilayets.  We  found  diat  the  intanAy  of  the  diaraetdiriic  abaorption 
ffequenefm  dd>ends  on  the  change  of  molecular  radical  orianation.  The  results  raantiooed  above  riiow  that 
die  arrangHtiant  of  the  polymer  on  the  Cd’i  substrate  is  r^iilar.  Ihe  ftndamdidd  dirin  oi  the  pdymm 
may  be  run  paralld  and  the  ride  chain  retains  an  arale  witt  die  subettatt,  «id  die  earbmy  groqa  briu^mi 
the  layers  are  linlrad  ^  hydrin  bonds. 

RERERENC£ 

CO  Vin^ingZhao,  Hal.  ,  In  "QBSLB*  (Beijing),  1990 
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SPECm  (BRACTERIZAHCW  OF  M  LB  FIL^ 

COPPER  PtmiALOCYANINE  DERIVATIVES 

Yuqing  Zhou«  Van  Xinplng 
duanysHig  Lin,  Shiouan  Xi 

Changchun  Institute  of  Ai^lied  Cheiistry, 

Academia  Sinica,  Changchun  130022,  P.  R.  China 

* 

Hie  excellent  chemical  and  thermal  stability  of 
phthalocyanine  compounds  and  their  diverse  functions  with  the 
potential  application  of  semiconductors,  photocorxiuctors  and 
sensors  have  led  to  extensive  interest  for  chemists  and 
physists.  Hie  symmetric  and  asymmetric  substituted  copper 
phthalocyanine  derivatives  (CuPc(Dt-PP)4  and  Cttf^c  (Dt-PPls  (p- 
CPi)  and  their  various  types  of  LB  films  have  been  studied. 

Hie  n-A  isotherms,  polarized  OV-vis  spectra,  polarized  IR 
transmission  spectra,  klR  and  SERS  of  the  LB  films  of  the 
different  compounds  were  observed  and  compared. 

Hie  area  per  molecule  obtained  with  asyMetric  compound  is 
smaller  than  that  with  symmtric  one  at  the  same  transferred 
pressure  of  30mN/M. 

Hie  polarized  UV-vis  spectra  of  the  LB  films  of  asymmetric 
derivative  show  obveous  difference  with  the  electric  vectors  of 
incident  radiation  from  parallel  to  vertical  to  the  dipping 
direction,  but  no  dichroism  effect  was  observed  for  the  LB  film 
of  synunetric  compound.  Hiis  indicates  that  the  phthalocyanine 
rings  in  the  LB  film  of  the  asyaetric  substituents  are  tilted 
to  substrate,  instead  of  the  parallel  orientation  of  the 
macrocycles  on  substrate  like  the  symmetric  one. 

Hie  same  result  was  obtained  from  obsen^ion  of  their  IR 
and  Raman  ^lectra. 

In  addition  electric  conductivities  of  the  LB  films  w^e 
assured,  Hie  relationships  betweai  conductivity  aid  deposited 
type  of  the  LB  film,  as  well  as  between  the  substiti^ts  and 
orientation  of  the  rings  are  discussed. 
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Stabilisation  of  Layered  Structiwe  of  l«ly( vinyl  octal) 
LB  PilsB  Studied  by  Interlayer  Energy  Transfer  Method 


Shinzaburo  ITO,  Takayoshi  and  Masahide  YAHMIOfO 

Department  of  Polymer  Chemistry,  Faculty  of  Engineering, 
Kyoto  University,  Sakyo-ku,  Kyoto  606,  JAPAN 


The  Langmuir*- Blodgett  technique  is  an  elegant  procedure  for  making  an 
ultrathin  film  with  a  thickness  of  a  few  nanometers.  The  deposition  oa  a 
substrate  one  by  one  enables  us  to  design  spatial  arrangoiiaits  of  each 
layer.  The  layered  structure  in  molecular  dimension  yields  various 
specific  functions  of  the  LB  films.  Prom  the  application  standpoints,  it 
is  a  critical  point  whether  LB  films  have  a  mechanical  and  thermal 
stability  of  the  layered  structure. 

We  have  applied  energy  transfer  method  as  a  {o^t^ing  technique  for  the 

structural  releucation  and  stability  of  polymer  IB  films.  Excitation  eiwrgy 

transfer  from  a  donor-labeled  layer  to  an  acceptor-labeled  layer  was 

measured  by  fluorescence  spectroscopy  which  enabled  quantitative  evaluation 

of  the  disordering  of  the  layered  structure.  In  the  case  of  poly  (vinyl 

octal)  (PVO),  the  saxg)les  are  shoim  in  Figure  1.  Phenanthrene  (P)  and 

anthracene  (A)  were  used  as  a  donor  and  an  acceptor  prdbe,  respectively. 

Several  layers  of  PVO  were  sandwiched  by  the  chromoj^oric  layers  containing 

P  or  A  units.  The  fluorescence  spectra  of  the  LB  fibas  show  sensitized  A 

emission,  then  the  energy  transfer  efficiency  varies  with  the  structural 

relaxation  of  the  LB  films.  Figure  2 

u  -(CHi-CH  *^%(CHrCH  ®^CH)c(CH2-CH)2- 

^ows  the  plot  of  transfer  efficiency  •  i*  >  Au 


given  by  I^/Ip  vs.  the  observed 
temperature.  The  rapid  increase  of 
Ij^/Ip  (0)  with  the  rise  of  tanperature 
indicates  that  an  irreversible  dis¬ 
ordering  starts  at  ca.  40  ^C.  Once  the 
samples  are  heated  up  to  100  °C,  the 
value  stays  constant  in  successive 
heating-cooling  cycles. 

The  layered  structure  of  LB  films, 
however,  can  be  easily  stabilized  on 
exposure  to  a  mixed  gas  of  hydrogen 
chloride  and  formaldehyde  for  a  few 
hours,  without  any  detectable  disorder¬ 
ing.  The  plot  (•)  in  Figure  2  shows 
merely  a  slight  increase  of  the  effi¬ 
ciency  with  the  rise  of  temperature. 
This  result  indicates  that  the  PVO  LB 
films  are  convcnimtly  cross-linked  by 
formalization  of  hydroxyl  groups  and 
that  the  heat-stability  is  much  improved. 


vs.  the  observed 


'CH'° 


“'CH*'’ 


Figure  1 


TEMSCRSflMi  (*e) 
figure  2 
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MOLECULAR  C»IENTATION  OF  PHOTOGENERATED  RADICA15  IN  NOVEL 
PHOIOELKTIROCHROMIC  LANGMUIR-BLODGETT  FIIMS 

Tosh ih ike  Nagaanura.  Yuji  Isoda*,  and  Kenkichi  Sakai » 

Electronic  ^fe^terials  Laboratories,  Research  Institute  of  Electronics, 
Shizuoka  University,  3-5-1  Johoku,  Hamamatsu  432,  Japan  stkI  ^Department  of 
Molecular  Science  and  Technology,  Graduate  School  of  Engii^ering  Sciences, 
Kyushu  University,  6-1  Kasugakoen,  Kasuga,  Fukuoka  816,  Japan 

Recently  we  found  the  persistent  and  reversible  reduction  of  4,4’- 
bip\-ridinium  ions  in  their  salts  with  tetrakisr3,5-bis{trifluorai»ethyl)- 
jhenyl  ] borate  anion  (abbrebiated  to  TFPB")  in  the  solid  state  or  in  organic 
solutions  in  inert  atmospheres  upon  excitation  of  an  ion-i»ir  CT  band.  We 
nou  report  the  control  of  molecular  orientation  of  4 , 4 ’ -bipyridinium  cation 
radicals  photogenerated  in  LB  films  by  the  substituents . » 

S‘,N’-dihexadecyl-4,4'-bipjTidinium<TFPB-)2  (abbreviated  to  HV)  and  N- 
etli>  1  -  ’ - { 2-ethylaraide ) -N" , N’'-dihexadecyl-4 , 4 ’ -bipyridinium  (TFPB* )  j  ( abbre¬ 
viated  ro  AV)  were  prepared.  A  1:4  mixture  of  H\'  or  AV’  and  arachidic 
acid( -ihbi'eviated  to  AA)  was  deposited  at  18*C  and  20  mN  •  m*^.  These  samples 
weiv  irradiated  in  vacuo  by  a  Hamanatsu  150  K  Xe-Hg  lamp  equipped  with  an  L- 
39  I  u^-eff  filter  (X  >365  nm)  and  a  10  cm  water  filter  to  excite  their  CT 
absorption  band  alone.  The  incident  angle  dependences  of  both  s-  and  p- 
polvTizcd  absorption  for  4 , 4 ' -bip>-ridinium  cation  radicals  were  measured  in 
vacuo  together  with  the  polarization  angle  dependence  at  normal  incidence. 

Uixjn  irradiation  the  colour  of  both  LB  films  (K\/AA  and  AV/AA)  changed 
frcii'  lale  yellow  to  blue.  The  LV/vis  absorption  spectrum  characteristic  to 
4,}’-  ’pyridinium  cation  radical  monomer  was  observed  together  with  a  broad 
siiul'  line  ESR  spectrum.  Coloured  species  photogenerated  in  mixed  LB  films 
of  and  HN’/AA  in  vacuo  decayed  almost  exponentially  in  the  dark.  Such 

phi ;  V  iieHiical  colouring  and  thermal  fading  was  repeated  reversibly.  No 
poLi,  laiion  angle  dependences  were  observed  at  normal  incidence.  The  p- 
pol  1,  .  ed  absorptions  of  4 , 4 ' -bip\Tidinium  cation  radicals  corrected  for  the 
de'  \'id  ihe  optical  path  lejigth  showed  a  minimum  in  a  H\7AA  system  and  a 

max i  urn  in  AV/AA  systan  at  normal  incidence.  From  these  results  and  the 
simuL  11  ion  of  angular  dependences  by  ta]\ing  the  distribution  of  transition 
dipoii-  moments  with  respect  to 
the  surface  normal  into 
acciiunts,  it  was  shown  that 
both;  lung  .md  short  axes  of 
4,4’ -  iip\Tidinium  cation 

radi  •■■ds  almost  lie  flat  in 
AV/A\  !.B  films  and  oblique  by 
aboil.'  in  H\’/.AA  IJB  films  to 
the  isulistrate  surface  as 
schi  mat  Kially  shown. 

1)  '.agamura  et  al.  J.  Chem. 

Soc.,  Chem.  Commun,,  703 
(]99(r  . 
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STfUJCTUlUS  07  TBB  XAMGNOIR  rilMS  FROM  RM7HI7HILIC 
FOLYZMXOIS 


Vladimir  Tsukruk* , Nikolay  Mischenko, Evgeny  Scheludko 
I .  Krainovi,  A.  TolmachevS 

Institute  of  Bioorganic  Chemistry, Kiev, 252160, USSR 
§  Institute  of  Monocrystals, Kharkov, 333000, USSR 
*  Present  address: Deutsches  Kunststoff  Institut, 
Darmstadt,  6100, FRG 


The  set  of  amphiphilic  polymers  of  the  polyimide  type  with 
various  chemical  structure  of  the  rigid  backbones  and  the 
long  flexible  side  methylene  chains  have  been  studied  in  the 
form  of  common  cast  films  and  in  the  form  of  thin  Langmuir 
films. The  set  of  polymers  consists  of  a  systems  with  and 
without  fluorocontaining  phenyl  rings  and  with  one  or  two 
flexible  side  chains. 

The  pressure-area  diagrams  and  corresponding  LB  films  with 
the  number  of  layers  from  5  to  10  have  been  obtained  by  the 
conventional  Langmuir  method. For  ellucidation  of  the  possible 
arrangement  of  the  backbones  onto  the  interphase  boundary  we 
have  determined  the  most  favourable  conformation  and  the 
charge  distribution  along  the  backbones  by  means  of  the 
quantomechanical  (  MNDO  )  calculations. To  study  the  structu¬ 
ral  ordering  for  films  the  conventional  X-ray  diffraction 
method  in  reflection  and  transmition  modes  has  been  used. 

The  thermal  properties  of  the  polymeric  films  have  been 
studied  by  DSC  method. 

From  the  analysis  of  pressure-area  diagrams  we  have  deter¬ 
mined  the  area  per  monomeric  unit  in  expanded  and  condensed 
states.lt  has  been  demonstrated, that  the  corresponding  value 
(varied  from  1  to  2  nm^  )  is  determined  by  the  features  of 
the  conformation  of  the  monomeric  units  and  it  depends  on  the 
chemical  structure  of  the  backbones  and  the  type  of  the 
attachment  of  the  side  chains. From  X-ray  data  for  cast  films 
one  can  conclude  the  realization  of  perfect  layered  ordering 
of  the  macromolecules  (  period  is  equal  tc  1.8  nm  )  with 
overlapping  the  side  chains. In  the  corresponding  LB  films  the 
one-dimensional  order  has  been  observed  with  the  translation 
correlations, propagated  on  the  whole  thickness  of  films. The 
type  of  ordering  is  determined  by  the  type  of  attachment  of 
the  flexible  side  chains  to  the  backbones . The  conformation 
and, especially, charge  distribution  depends  on  the  presence  of 
the  fluor  atoms  into  the  backbones. After  chemical  and  thermal 
treatment  to  remove  the  side  chains  the  LB  films  are  stable 
up  to  the  high  temperatures  (250-300®C)  . 

The  possible  models  of  the  layered  packing  with  taking 
into  account  the  favourable  conformation  of  the  backbones, the 
correlation  of  structure  of  the  cast  films  and  LB  ones  and 
the  changes  of  structural  ordering  after  removing  the  side 
chains  by  the  chemical  and  thermal  treatments  have  been 
discussed  also. 
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A  NEW  KIND  OF  AMPHIPHILIC  POLYMERS— "DUCKWEED" 

AND  "REVERSED  DUCKWEED"  TYPES  OF  LANGMUIR-BLODGETT  FILMS 

JlaCong  SHEN.  Xi  ZHANG,  RuiFeng  ZHANG,  Xiao  CHA,  Rui  YIN 
Dept,  of' Chemistry,  Jilin  University,  Changchun  130023, China 

In  our  previous  work,  we  reported  a  new  kind  of  microgel 
amphiphilic  polymer  synthesized  through  radical  initiation 
polymerization  and  grafting,  its  hydrophobic  and  hydrophilic 
parts  were  St-DVB  microgel  core,  polymethylacrylic  acid  or  other 
hydrophilic  polymer  chains  respectively.  Some  properties  for 
monolayer  and  multilayer  of  this  kind  of  polymer  were  studied. In 
this  paper,  we  further  confirmed  that  the  amphiphilic  molecules 
rearranged  to  the  structure  of  Duckweed  at  air/water  interface, 
and  its  LB  films  had  good  laminar  structure  by  TEM  and  X-ray 
diffraction. 

In  contrast  with  Duckweed  LB  film,  we  synthesized  another 
kind  of  amphiphilic  polymer  which  formed  stable  monolayers  of 
Reversed  Duckweed  type.  The  hydrophilic  microgel  was  prepared 
with  radical  polymerization  of  N-vinyl-2-pyrrolidone  with 
(^-hydroxyethyl  methacrylate,  whereas  PETA  acted  as  crosslinking 
agent.  And  the  hydrophobic  part  was  polystyrene  chains. 

Comparing  Duckweed  with  Reversed  Duckweed  type  LB  films,  we 
could  draw  the  following  conclusions: 

( 1 )  The  shape  of  surface  pressure-area  isotherms  is  largely 
dependent  on  the  ratio  of  hydrophilic/hydrophobic  groups.  Both 
Duckweed  and  Reversed  Duckweed  types  of  amphiphilic  polymer  form 
stable  and  condensed  monolayer  at  air/water  interface,  but  show 
different  molecular-weight  dependence. 

(2)  The  ratio  of  hydrophilic/hydrophobic  groups  makes  great 
effects  on  the  relaxation  behavior  of  monolayers  after 
compression,  though  monolayers  of  Duckweed  and  Reversed  Duckweed 
type  show  different  features  due  to  their  different  structure  and 
composition. 

(3)  Using  monolayer-coated  glass  carbon  (GC)  electrodes,  it 
was  found  that  the  blocking  effect  provided  by  monolayer  of 
Duckweed  type  is  better  than  that  by  Reversed  Duckweed  type.  This 
result  may  be  caused  by  their  different  Duckweed  structures. 

(4)  The  layer  structures  of  Langmuir-Blodgett  films  for 
Duckweed  and  Reversed  Duckweed  types  were  confirmed  by  X-ray 
diffraction  patterns,  and  interlayer  spacings  were  calculated. 

(5)  Corresponding  to  Duckweed  type  monolayer,  the  monolayer 
of  Reversed  Duckweed  type  was  easily  compressed  to  higher  density 
monolayer.  Maybe  this  is  responsible  for  its  larger  blue  shift  in 
UV-Visible  absorption  spectra  (from  254  nm  in  solution  to  198  nm 
in  solid  LB  film). 
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LANOMUIR-BLODGETT  FILMS  OF  CROWN  ETHER 
CONTAININQ  BIPHENYL  MESOONXC  GROUPS 

Xt  ZHANG.  ZhiHong  LIN,  JiaCong  SKEN,  XinYi  TANG 
Dept,  of  Chemistrsr,  Jilin  Universitri  Changchun  130023,  China 

Combination  of  Host-Guest  chemistry  with  LB  techniques  will 
be  promising,  for  applications  in  chemical  sensors,  molecular 
recognition  and  specific  electrocatalytic  oxidation-reduction. 
In  this  paper,  we  report  a  new  kind  of  Langnuir-BIodgett  film  of 
crown  ether  containing  biphenyl  mesognic  groups  in  the  side 
chains. 

,  The  compound  of  Bis( -p-hexadecyloxy-p* -biphenyl- )- 
dicarboxybenso-18-crown-6(CEBB  in  brief)  was  synthesized.  Its 
chemical  formula  is 

DSC  measurement  and  studies  with  a  polarizing  microscope  reveal 
that  the  compound  is  well-ordered  semct-io  liquid  crystalline. 

CEBB  amphiphiles  form  stable  monolayers  in  the  condensed 
phase  at  aij/water  interface.  The  molecular  area  is  estimated  to 
be  0.8  nmvmolecule  from  the  isotherms,  it  is  nearly  the 
accordance  with  the  calculated  result  from  CPK  model.  The 
fluorescence  spectra  of  CEBB  LB  films  which  peak  at  400  nm  are 
almost  identical  to  that  of  a  dense  solution  in  chloroform! 392 
nm),  but  different  from  the  fluorescence  spectra  of  dilute 
soiution(normally,  monomer  fluorescence  peak  340  nm).  The 
results  mean  that  all  the  molecules  in  solid  LB  films  or  dense 
solution  exist  in  the  "eximer"  state.  A  linear  behavior  of  the 
fluorescence  intensity  of  CEBB  LB  films  as  a  function  of  the 
number  of  monolayers  indicates  that  CEBB  gives  a  good  Y  type 
multilayers. 

The  structure  of  CEBB  LB  films  is  further  investigated  by  X- 
ray  diffraction  analysis.  Two  sharp  Bragg  peaks  were  observed  in 
the  range  of  26  angle  1-10°  when  we  use  weaker  Cr  target (K  2.29 
A),  and  the  sharpness  of  these  peaks  indicates  highly  ordered 
structure  in  LB  films.  According  to  the  Bragg  equation,  a  layer 
spacing  66  A  was  calculated  from  the  first  reflection  peak. 
Using  stronger  Cu  target(K  1.54  A),,  two  peaks  were  also  observed, 
one  was  sharper  and  stronger,  the  other  much  smaller  and  weaker. 
It  was  found  that  the  intensity  of  the  first  reflection  peak 
decayed  to  a  constant  level  within  30  min,  and  its  corresponding 
layer  spacing  also,  decreased  several  angstroms,  whereas  the  small 
peak  had  no  any  change  in  period  of  radiation  time.  This  maybe 
means  that  CEBB  multilayer  exist  in  metastable  state. 

Molecular  orientation  of  CEBB  films  deposited  on  CaF2 
substrates  was  investigated  by  polarized  IR  spectroscopy.  The 
difference  of  molecular  packings  (Y  or  Z-type  assemblies)  was 
discussed,  and  the  orientation  of  the  mesogenic  units  within  a 
multilayer  arrangement .was  studied. 


GP42 


THE  FORMATION  AND  CHARACmiZATlON  OF  AGOISGATES 
OF  LANGMUIR  -  BLODGETT  CFANINS  DYl  FILMS. 

L. L. Sveahnikova.  V.V.Shelkovnikov,  J.U.Seljunina. 

Inctitute  of  S«&iconductor  Physics  and  Institute 
of  Organic  Chemistry,  Academy  of  Sciences  of  the  USSR, 

Siberian  Branch,  630090  Novosibirsk  90,  USSR 

The  conditions  of  the  formation  of  aggregates  in  Langmuir  -Blodgett 
(L-B)  films  of  pseudocyanine  dye 

//  \  /  W  //  \  /  W 

*\\  /*  * w/*\  /}\  }  *\  //*  Cl  0  " 

N  N  4 

in  J:  H 

18  37  18  37 

and  deaggregation  by  thermal  treatment  and  laser  irradiation  were  investi¬ 
gated.  L-3  films  of  the  dye  mixed  of  behenic  acid,octadecyl  alcohol  (  OdOH  ), 
methyl  and  ethyl  stearate  (MeSt,StSt)  wre  deposited  to  quartz  plates.  In 
absorption  spectra  of  pure  dye  was  observed  two  maximum  with  500  and  535  nm, 
which  correspond  to  dimeric  and  monomeric  forms.  In  the  films  of  the  dye  - 
OdOH  was  observed  H-aggregates  with  characteristic  band  at  492-495  nm.  The 
films  of  dye  -  MeSt,  EtSt  show  the  intense  narrow  band  at  575-578  nm,  which 
can  be  attributed  to  J-aggregates.  The  maximum  of  absoption  spectra  depen- 
dend  upon  the  molar  ratio  components  of  the  mixed  films. 

The  t«ttperature  dependence  of  deaggregation  was  established.  The  rate 
of  the  dissociation  of  J-aggregates  by  ttermal  treatment  and  laser  irradia¬ 
tion  was  nK>re  higher  than  H-aggregates.  H-aggregates  dissociate  into  J-ag- 
gregate,  while  J-aggregate  to  monomeric  form. 
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FOLAH  MUliFIUYlR  LB-FIUiS  OF 
P-OCTADEGYIOmZOBMZENE-P '  -SULPHAMIDB 
V.R. Novak  .I.Y.Myagkov 

Scientific  Research  Institute  of  Physical  Problems , 1 03460 

Moscow,  tBSR 

Yu.M.Lvov,  L.A.Feigin 

Institute  of  Crystallography,  Academy  of  Sciences  of  the 

USSR,  117333  •  Moscow, Leninsky  pr. 59  .USSR 

Polar  LB-films  may  be  produced  by  several  methods:  by  the 
deposition  of  two  alternate  layers  of  different  materials  or  by 
the  deposition  of  a  single  material  imder  special  conditions, 
for  example,  as  in  the  Langmuir-Sohaefer  method  . 

We  have  studied  the  temperature  dependence  of  the  pyroelect¬ 
ric  coefficient,  dielectric  constant  and  structural  period  of 
polar  LB-films  built  by  the  Langmuii^-Schaefer  method  from 
the  molecules  of  p-octadeoyloxyazobenzene-  p'-sulphamide 
(18-0ABS),with  the  chemical  formula: 

The  significant  pyroelectric  effect  in  the  films  proved  them  to 
be  polar. The  periodicity  of  structure  of  the  films  investigated 
was  approximately  equal  to  the  lengths  of  the  molecules  used. 

An  irrevesible  transition  from  polar  to  non-polar  state  has 
been  observed  in  18-OABS  films  at  95+100  ®C.  At  this  transition 
the  pyroelectric  coefficient  decreases  from  0.7nC/cm  K  to  0  and 
the  structural  period  of  the  films  changes  from  D^=39l  to 
D2=69A.  This  transition  does  not  relate  to  melting  of  the  film, 
the  temperature  of  the  melting  point  lies  far  higher  (at  150^0). 

The  films  were  found  not  to  have  the  single  solid-to-liquid 
transition  but  the  liquid-crystal  state.  A  strong  frequency 
dependence  of  the  dielectric  constant  was  obseved  at  T>120^C.Xn 
this  temperature  r^eige  the  frequmacy  ii6ptin4maQm  of  the  oo^lex 
dielectric  constant  is  written  by  a  Oole*Gole  expression.  In  the 
liquid-crystal  state  the  films  have  several  smectic  mesophases. 
Phase  transitions  take  place  at  126^0  (69A  m  63A)  and  135®C 
(63A  m  41  A),  During  the  transitions  the  structural  periods 
of  the  films  and  the  value  of  the  dielectric  constant  are 
sub;|eot  to  change. 
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PHONON  CONDUCTION  PROCESS  IN  LANGMDIR-BLODGETT  FILMS 

Yosio  Hlki  and  Satoru  Ozawa 
Applied  Physics  Group,  Faculty  of  Engineering, 

Ibarakl  University, 

Nakanarusawa,  Hitachi  316,  Japan 

The  conduction  of  phonons  in  oriented  organic  materials  is 
one  of  the  most  interesting  subjects  in  materials  science.  An 
experimental  and  a  computational  study  have  been  made  by  the 
present  authors  in  order  to  obtain  the  microscopic  understanding 
of  the  thermal  diffusion  process  through  stackings  of  monolayers 
of  organic  chain  molecules. 

By  using  the  usual  technique,  the  Y-type  Langmuir-'Blodgett 
films  of  arachidic  acid  CH3(CH2)‘|gCC}OH  are  prepared;  the  stacked 
layer  thickness  >  2.7  nm,  the  number  of  stacked  layers  >  1000  > 
2000.  The  thermal  diffuslvity  D  of  the  specimen  in  the  stacking 
direction  is  measured  by  a  pulse  heating  method.  The  observed 
high  value  of  the  thermal  diffuslvity  (D  *  0.40  cm^/sec  for  the 
2000-layer  specimen  at  T  =  300  K)  suggests  that  strong  phonon 
conduction  along  the  aligned  carbon  chains  of  the  material  is 
occurring. 

The  thermal  transport  processes  through  anisotropic  media 
are  also  studied  by  computer  experiments.  A  mass-spring  model 
(one  dimensional  array  of  point  mass  coupled  by  springs)  is  used 
to  simulate  the  LB-fllm  system.  An  end  point  of  the  mass-spring 
system  is  vibrated  randomly  during  a  certain  period,  and  the 
process  of  kinetic  energy  transport  is  Investigated  by  the 
molecular  dynamic  calculation.  It  can  be  concluded  from  these 
computer  experiments  that  the  strong  cmpling  between  the  carbon 
atoms  in  the  molecular  chains  and  the  weak  coupling  between  the 
chains  are  possible  reasons  for  the  high  thermal  diffusivicy 
observed  experimentally. 
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CHARACTERIZATION  OF  POLYALKYLTHIOPHENE  BASED  L.B.  FILMS 
A.Boloonesi.  S.Destri,  W.Porzio.  G.BaJo 
Istituto  di  Chiaica  delle  Macroaolecole  del  C.N.R. 
via  E.Bassinl  15.  20133  Milano 
R. Paradise 

DIBE-  University,  via  All ‘Opera  Pia  Genova 

We  have  extensively  investigated  the  conditions  of  obtaining  stable 
L.B.  films  starting  from  polyta-alkylthiophenes) ,  which  are  soluble.  We 
have  varied  the  alKyl  chain  length  (eptyl.  decyl.  unde-cyl).  the  molar  ratio 
between  the  PAT  and  Cd  arachidate  (from  1/20  to  3/1). PAT  alone  are  not  able 
to  give  stable  monolayers  at  the  air-water  interface,  thus  preventing  their 
transfer  on  suitable  substrates. On  the  contrary  by  mixing  arachidic  acid  and 
PAT.  usual  pressure-area  isotherms  are  obtained,  hence  L.B.  films  are  formed. 
The  monolayers  can  be  transferred. at  20  mN/m.  on  quartz  or  silicon  substrate. 

X-ray  diffraction  studies  on  L.B.  mixed  films  have  shown  no 
appreciable  differences  as  compared  with  patterns  of  pure  Cd  arachidate 
indicating  a  strong  phase  segregration  between  the  components.  From  UV 
visible  spectroscopy,  carried  out  on  both  LB  and  cast  films,  it  is  evident 
that  the  absorption  maximum  of  LB  mixed  film  is  shifted  towards  lower  energy 
with  respect  to  PAT  cast  films  .  suggesting  that  the  polymer  chains  assume  a 
more  extended  conformation. 

In  order  to  obtain  more  insights  on  the  molecular  organization  of  PAT 
chains  we  have  performed  a  detailed  fluorescence  microscopy  analysis,  as  tne 
polymer  present  emission  effect  near  to  670  nm.  The  microphotographs, 
performed  on  a  single  layer,  evidence  the  presence  of  PAT  aggregates  with 
different  size  well  separated  from  Cd  arachidate  domains. 
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ON  THE  STRUCTUIffi  OP  MIXED  LANGMUIR-BLODGETT  FILMS  OP  TWO 
DIFFERENT  FATTY  ACID  SALTS 


S. Dante,  V. Erokhin*,  F.Rustlchelli 

Istituto  di  Pisica  Medica,  Universita'  degll  Studi  di 
Ancona,  via  Ranieri  Monte  D'Ago,  60131  Ancona,  Italy 

*Instit}ite  of  Crystallography  USSR  Academy  of  Sciences, 
1173333,  Moscow,  Leninsky  pr.59,  USSR 


ABSTRACT 

It  seems  to  be  Important  to  study  the  structure  of 
Langmuir-Blodgett  films  formed  by  mixiAg  of  two  different 
compounds.  The  main  question  is:  do  the  compounds  really  mix  or 
they  form  unmixed  domains?  In  order  to  answer  this  question 
Langmuir-Blodgett  films  of  mixed  behenic  and  stearic  acid  salts 
of  cadmium  were  deposited  and  investigated  by  small-angle  X-ray 
scattering.  The  ratio  of  compounds  was  varied  from  1:4  to  4:1. 
It  was  found  that  for  1:1  ratio  X-ray  pattern  contained  a 
single  system  of  reflection  with  a  lattice  spacing  equal  to 
54.0  A. 

For  any  other  ratio.  X-ray  patterns  contained  two  systems 
of  reflections,  each  of  them  corresponding  to  one  of  the  pure 
fatty  acid  salts  (49.0  A  and  58.5  A  respectively)  . 

When  the  ratio  is  different  from  1:1,  the  molecules  of  the 
two  acids  form  domains  not  mixing  with  each  other;  these 
domains  grow  as  monolayers  are  deposited,  like  in  an  epitaxy 
process. 


^  Modem  investigation  methods 
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VISCO-ELASTIC  PROPERTIES  OF  THIN  FILMS 
PROBED  WITH  A  QUARTZ  CRYSTAL  RESONATOR 

D.  Johannsmann^  F.  Embs^  K.  MathaueP, 

C.  G.  Willson^,  G.  WegneP  and  W.  KnolP 

(1)  Max-Planck-lnstitut  fiir  Polymerforschung.Postfach  3148,  D-6500  Mainz,  FRG 
(2)  IBM  Almaden  Research  Center,  650  Harry  Road, 

San  Jose,  CA  95120-6099,  USA 

Abstract 

We  report  on  the  application  of  quartz  crystal  resonators  to  the  characterization 
of  visco-eiastic  thin  organic  layers. 

A  passiv  measurement  of  the  quartz  crystals  electrical  impedance  allows  for  the 
measurement  of  it's  resonant  frequencies  als  well  as  the  damping  in  a  number  of 
vibration  modes,  spanning  in  frequency  from  about  3  MHz  to  about  40  MHz.  A 
parallel  ellipsometer  setup  is  used  for  simultaneous  optical  characterization.; 

The  shift  in  resonant  frequency  and  damping  induced  by  an  organic  film  deposi¬ 
ted  on  one  quartz  surface  can  be  used  to  measure  the  effective  acoustic  impedance 
Fidtu  of  the  film  (F(uj)  the  complex  force  per  cm*  and  u(u;)  the  amplitude  of  the 
oscillation).  For  "hard”  materials  the  effective  acoustic  impedance  is  equivalent  to 

'  m, 

the  films  mass.  For  "soft"  and  viscous  materials  the  shear  modulus  G  =  G'  iG 
enters  the  formulae  and  can  sometimes  be  measured.: 

The  glass  transition  of  a  350  nm  film  of  low  molecular  weight  polystyrol  can  be 
followed.  Resonances  in  frequency  shift  and  damping  occur,  when  the  wavelength 
of  transverse  sound  in  the  film  equals  (2n  -|- 1)/4  times  its  thickness.  At  these 
resonances  quantitative  analysis  with  respect  to  G’  and  G”  is  possible. 

During  the  UV-induced  desorption  of  poly[(bis)-m-butoxy-phenyl]silane  under 
oxygen  atmosphere  a  strong  increace  in  viscous  damping  and  a  strong  decrease 
of  frequency  occur.  At  the  same  time  there  is  little  change  in  optical  thickness. 
Possibly  the  d^rption  takes  place  via  an  oily  phase  of  medium  size  oligomers. 

When  LB-Films  of  poly-glutamates  carrying  cinnamate  ester  side  groups  are 
irradiated  with  A  =  254nm,  the  processes  of  bondbreaking  in  the  main  chain,  cross 
linking  of  cinnamate  esters  and  desorption  can  be  followed. 
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INTERPACIAL  RECOGNTION  REACTIONS  AS  SEEN  BY 
FLUORESCENCE-,  SURFACE  PLASMON-  AND  ATOMIC  FORCE 
MICROSCOPY 

F.-J.  SchmiUt.  A.  Weisenhom*,  P.  Hansma*  and  W.  KnoUt 
t  Max-Planck-Institut  fur  Polymerforschung 
Ackennannweg  10 
D-6500  Mainz ,  FRG 

*  Department  of  Physics,  University  of  California 

Santa  Barbara,  CA  93106 

USA 

We  investigated  site  specific  recognition  reactions  at  the  gas/fluid  and  solid/fluid 
interface.  As  a  modell  system  we  used  the  highly  specific  and  strong  interaction 
between  Biotin  and  Streptavidin  (Kb  =  lO^^s  m  ).  This  well  known  system  is  in 
many  ways  comparable  to  biological  receptors  and  ligands  and  can  be  chemically 
modified  in  various  ways,  e.  g.  Biotin  bound  to  a  lipid.  With  a  binary  mixture  of 
such  a  Biotin  functionalized  lipid  with  a  "nonreactive"  lipid,  monolayers  can  be 
build  up  at  the  air— water  interface  ( in  a  filmbalance  )  and  the  binding  properties 
to  Streptavidin  can  be  studied  by  fluorescence  microscopy. 

After  transfer  of  such  an  reactive  lipid-monolayer  to  a  solid  support,  which  is 
capable  of  carrying  surface-i)la8mon  modes  one  can  also  apply  these  novel 
technique,  without  the  need  for  labeling  the  molecules  of  interest.  Surface-Plasmon 
microscopy  combines  high  lateral  resolution  (  a*  5^  )  with  extremly  high  thickness 
sensitivity  (  ~  0.1  nm  ).  The  used  flow-cuvette  set-up  allows  for  the  online 
exchange  of  the  subphase,  e.  g.  against  a  Streptavidin  containing  solution. 

Analoge  expoiments  from  the  monolayer-electrolyt  interface  were  carried  out  with 
the  Atomic-Force-Microscope  (AFM),  which  yidds  too  qualitative  pictures  of  the 
sample,  but  this  time  with  "sub-optical”  resolution,  some  times  even  molecular 
resoluticm.  The  obtained  micrographs  can  be  processed  to  get  quantitative 
information  about  height  distribution,  force  spectroscopy  and  layer  compressibility. 
It  is  also  possible  to  online  monitor  the  thickness  changes  due  to  the  adsorption  of 
molecules  to  the  interface. 
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Electro-optical  spectroscopy  on  aggregated  chromophore 

SYSTEMS  IN  LANGMUIR-BLODGETT  HLMS 
Georg  Grewer  and  Mathias  Losche 

Institute  of  Physical  Chemistry,  Johannes-Gutenberg-Universitat,  D-6500  Mainz, 
Germany 

The  linear  and  the  quadratic  Stark  effects  have  been  employed  to  character¬ 
ize  aggregate  formation  of  a  cyanine  dye  mixed  with  a  fatty  add  in  various 
concentrations  within  LB  multilayers.  Two  different  electrode  configurations 
have  been  used  to  test  the  responses  of  the  electronic  spectra  to  external  electric 
fields:  in  Elms  assembled  into  a  sandwich  arrangement,  dipole  moment  changes 
perpendicular  to  the  plane  of  the  molecular  films  are  observed;  in  films 
deposited  onto  an  interdigitated  microelectrode  structure,  the  charge  redistribu¬ 
tion  parallel  to  the  interface  is  accessed. 

The  observations  have  been  used  to  quantify  the  induced  and  static  dipole 
moment  changes  on  exdtation  of  the  chromophores.  As  expected  from  theory,  it 
is  found  that  the  experimental  observations  reflect  the  symmetries  of  (i)  the  dye 
molecule,  (ii)  the  molecular  aggregates,  and  (iii)  the  layer  structure  as  defined  by 
the  preparation  process.  Hence  they  can  serve  to  assess  the  local  arrangement  of 
the  molecules  within  the  superstructure.  Comparison  of  the  results  obtained 
from  different  multilayer  arrangements  are  indicative  of  inter-layer  coupling  for 
the  case  of  a  head-to-head  configuration  of  the  amphiphilic  chromophores.  This 
coupling  occurs  only  between  dye  aggregates  and  is  not  detected  for  the 
monomer  spedes.  An  as3munetric  charge  distribution  due  to  diff^ent  electrode 
materials  is  thought  to  be  responsible  for  breaking  of  the  symmetry  and  r^ults  in 
the  visualization  of  this  phenomenon  in  the  linear  Stark  effect. 

Mixing  studies  (variations  of  the  dye  concentration  between  2  to  100  mol%} 
reveal  the  evolution  of  two  different  aggregated  spedes,  i.e.  of  hypsochromically 
shifted  H-aggregates  dominating  the  absorptions  spectra  at  moderate  dye 
concentrations  and  of  bathochromically  shifted  J-aggregates  that  become  promi¬ 
nent  at  the  highest  concentrations.  At  low  concentration,  the  Stark  spectra  are 
dominated  by  strong  inhomogeneous  local  electric  fields  due  Cd^*^  incorporated 
as  ooimter-icms  to  the  prevailing  fatty  add  in  the  deposition  pro^ss. 

At  external  field  application  parallel  to  the  film  surface  the  Stark  spectra 
reflect  the  molecular  symmetry  of  the  chromophore  and  confirm  a  model  that 
the  molecules  stand  on  ^ge  on  the  substrate  with  their  symmetry  axis  d<»e  to 
the  surface  normal.  Extraordinarily  large  polarizability  values  parallel  to  the 
surface  are  observed. 
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LANGMUIR  MONOLAYERS  OF  PERFLU(»U>ALKYL*TERMIMATEO  AMFHIFHILES 
STUDIED  BY  OPTICAL  SECOND-HARMC^IC  ^NERATKm 

H.  Hsiuag  and  R.  Beckerbauer,  Central  Resear^  and  Development, 
Du  Pont  Con^jany,  Experimental  Station,  Nilainfton,  OE  19880- 
0356,  U.S.A. 


As  a  hydrophobic  group  in  aiqphiphiles,  a  perfluoroalkyl 
chain  is  more  rigid  and  has  a  larger  cross-sectional  area  than 
its  hydrocarbon  counterpart.  Using  ^tical  sec<»id-bannonic 
generation  (SHG)  and  ellipsometry,  we  have  studied  Langmuir 
monolayers  of  a  series  of  an^hiphiles  with  a  perfluoroalkyl 
tail:  (para)  CF3 (CF^) j-SOj-Ph-X,  where  X  is  (a)  -N(CH2CH20H)2r  (b) 
-N(CH3)  (CH2CH2OH) ,  and  (c)  N-substituted  L-prolinol.  The  long 
axes  of  the  tall  and  the  phenylene  core  are  at  an  angle 
estimated  to  be  -  45  deg.  Two  parameters  of  the  monolayer  film 
are  obtained  —  an  average  tilt  angle  of  the  molecules  at  the 
air-water  interface  deduced  from  polarisation  dependence  of  the 
SHG  signal,  and  an  effective  monolayer  thickness  deduced  from 
ellipsometry. 

Langmuir  monolayers  of  all  three  cooqpounds  exhibit  an 
extended  pressure-area  (Il-A)  isotherm  (at  25  ®C)  with  the 
surface  pressure  increasing  monotonically  over  a  wide  area  range 
as  the  monolayers  are  compressed.  The  "collapse”  of  the 
monolayer  film  is  marked  by  a  sharp  kink  in  the  II-A  isotherm 
followed  by  a  plateau  region.  Our  optical  measurements  indicate 
that  in  the  plateau  region  multilayers  start  to  form  and  the 
Langmuir  film  is  no  longer  uniform.  The  average  molecular  area 
at  the  pressure  kink  (i.e.,  maximum  monolayer  packing)  depends 
on  the  head  group  X;  it  is  41  A*,  47  A*  and  54  A*,  respectively 
for  compounds  (a) ,  (b)  and  (c) .  The  values  are  significantly 
larger  than  the  cross-sectional  area  of  the  perfluoroalkyl  tail 
(-  30  A^) ,  presumably  due  to  the  bending  betwemi  the  tail  and 
the  phenylene  core.  He  find  the  increase  of  11  upon  the  monolayer 
cong>ression  is  correlated  with  a  change  in  the  a^^age  molecular 
orientation  as  well  as  an  increase  of  the  monolayer  thickness. 

At  the  maximiuB  oionolayer  packing,  idiile  the  ^iMylene  core  is 
still  tilted  at  a  large  angle  (-  50  deg.),  the  perfluoroalkyl 
tail  is  roughly  normal  to  the  water  surface.  .  ' 
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ZKXGZNS  or  TSE  lATEREIi  STRDCTUltB  OF  tM  FZZJIS 
BE  MSCEZ.  OBCC»B¥Zat  BHD  POLBRZSBVZOIt  MZCROSCOPY 

Christoph  Bubsck 

Max-Planck-Znstltut  Polyssrforschung,  Postfach  3148, 

D-6500  Mainz,  FR6 

Recently  a  new  nethod  was  described  that  is  able  to  image 
the  lateral  surface  structure  of  LB  films  by  metal  decoration 
and  polarization  microscopy  /!/.  The  principle  of  the  method 
is  based  on  the  high  surface  sensitivity  of  the  growth  of 
metal  films  on  organic  surfaces.  .Zn  the  initial  stage,  the 
metal  atoms  nucleate  to  metal  islands.  In  the  case  of  a 
lateral  anisotropy  in  the  orientation  of  transferred 
monolayers,  this  leads  to  a  distizw:t  anisotropy  of  the 
mobility  of  the  metal  atoms,  the  distribution  of  nucleation 
sites  and  finally  to  an  anisotrc^ic  distribution  and 
coalescence  of  metal  islands. 

The  pleochroism  of  such  evaporated  gold  or  silver  islands 
on  LB  films  is  tisad  to  see  the  morphology  of  the  uppermost 
monolayers  in  the  polarization  mioroscopa.  A  multitude  of  new 
information  about  the  lateral  structure  of  LB  films  is 
available  by  this  method  that  was  not  accessible  before.  This 
will  be  elucidated  by  several  examples. 

By  means  of  polydiacetylene  LB  films  it  is  demonstrated 
that  the  same  domain  structure  and  morphology  is  imaged  by 
metal  decoration  that  can  be  seen  already  without  metal 
decoration  due  to  the  intrinsic  and  large  dichroism  of 
oriented  polydiacetylene  chains. 

However,  most  of  the  IS  films  are  prepared  with  materials 
that  do  not  show  an  intrinsic  birefringence  large  enough  for 
such  a  direct  image  to  be  obtained  by  polarization  microscopy. 
By  means  of  the  metal  decoration  technique,  their  morphology 
can  be  made  visible  as  will  be  shown  with  fatty  acid  salts 
such  as  Cd>arachidate  and  preformed  polymers  for  example 
polyglutamate  or  other  rigid  rod  polymer  systems. 

The  influences  of  film  preparation  conditions,  monolayer 
tlom  on  the  Langmuir  troutg^,  shear  forces  during  the  film 
transfer  can  be  seen  clearly.  This  visibility  of  the  real 
lateral  structure  of  LB  films  is  viewed  as  a  major  step 
forward  to  control  and  ixq^rove  their  structural  quality. 

Reference 

/!/  C.  Bube(^,  Adv.  Mater.  2  (1990)  537. 
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ANGLE-RESOLVED  PHOTOENISSION  FROM  LANGNUIR-BLODGETT  FILMS 
OF  COPPER  TETRAKIS(n-BUTOXYCARBONYL)PHTHALOCYANINE 


NjUENO*»  I.  lAMlYA**,  K.  OGAJ#A°,  H.  YONEMABA®  M.  TAKAHASHI^, 
H.  NAKAHARA®,  K.  SEKI®,  K.  SUGITA*.  K.  FUKUDA®, 

•nd  . 

H. 

®DepartBent  of  Materials  Science. 

Faculty  of  EnRlneerinx,  Chiba  University.  Chiba  260.  Japan 

^Institute  for  Molecular  Science.  Nyodaiji,  Okazaki  444.  Japan 

®Kava»ura  Institute  of  Cheaical  Research.  Sakura  285.  Japan 

^Oepart»ent  of  Cheaistry.  Faculty  of  Science. 

Saitaaa  University.  Urawa  33.  Japan 

®Departaent  of  Materials  Science.  Faculty  of  Science, 
Hiroshiaa  University.  Hiroshiaa  730,  Japan 

The  interest  in  sti^yins  angle  resolved  ultraviolet 
photoelectron  spectroscopy  (ARUPS)  is  due  to  its  capability  for 
obtaining  inforaation  on  the  angular  parts  of  wave  functions  of 
valence  electrons  as  well  as  their  ionization  energies.  This 
in  turn  aeans  that  the  aolecular  orientation  in  ultrathii.  filas 
or  in  the  surface  layer  of  the  fila  of  organic  aolecules  can  be 
probed  by  investigating  the  valence  band  with  a  definite 
orbital  syaaetry  using  this  technique. 

Langaulr-Blodgett  (LB)  filas  of  phthalocyanine  (Pc) 
derivatives  can  be  considered  as  one  of  the  aost  useful  filas 
for  organic  devices  due  to  their  theraal  stability  and  the 
existence  of  Pc  rings.  Aaong  these,  a  recent  study  of  thick  LB 
filas  (40  layers)  of  copper  tetrakis(n-butoxycarbonyl ) 
phthalocyanine  C(BuOCO) .CuPc]  with  polarized  UV-visible 
absorption  spectra  (13  revealed  that  the  aolecular  planes  (Pc 
rings)  are  nearly  perpendicular  both  to  the  surface  and  the 
dipping  direction. 

We  aeasured  ARUPS  spectra  of  ultrathin  LB  filas  (8  layers) 
of  (BuOCO).CttPc  deposited  on  aetal  substrates  with  synchrotron 
radiation  in  order  to  study  the  aolecular  orientation  of  the 
CuPc  rings  in  the  filas.  The  incidence  angle  of  photons  (o) 
and  take-off  angle  (6)  of  the  photoelectrons  were  fixed  at  0 
and  45.  respectively. 

The  photoelectron  intensity  froa  the  top  a-band  showed  a 
pronounced  aziauthal  angle  (#)  dependence  with  a  aaxiaua  at 
0,  where  #  is  the  angle  between  the  coaponent  of  photoelectron 
aoaentua  parallel  to  the  surface  and  the  electric  vector  of 
the  incident  photon.  This  result  indicates  that  the  CuPc  rings 
in  the  filas  are  well  oriented  with  the  aolecular  planes 
perpendicular  to  the  dipping  direction. 

Reference 

Cl]  S.Ogawa,  S.Xinoshita.  H.Yonehara.  H.Nakahara  and  X.Fukuda. 

J.Chea.Soc.,  Chea.Coraun.  478  (1989). 
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DIRECT  MEASUREMENTS  OF  SURFACE  FORCES  BETWEEN  MONOLAYERS  OF 
FOLY (METHACRYLIC  ACID)  AMPHIPHILES 


Kazue  Kurlhara.  Nobuyuki  Higashi*, 

Masazo  Niwa*  and  Toyoki  Kunitake 
Molecular  Architecture  Project,  JRDC,  Kurume  Research  Park 
Kurume  830,  Japan;  *Department  of  Applied  Chemistry,  Faculty  of 
Engineering,  Doshisha  University,  Kyoto  602,  Japan 


Importance  of  accurate,  direct  measurements  of  Interactions 
between  various  surfaces  has  been  widely  acknowledged  since 
introduction  of  Surface  Forces  Apparatus  (SFA)  designed  by 
Israelachivili .  Study  of  synthetic  polyelectrolytes  is  useful 
in  many  industrial  applications,  and  also  from  their  relevance 
to  natural  polyelectrolytes.  Poly (methacrylic  acid)  (PMA) 
shows  a  marked  pH-induced  conformational  change  from  a  rodlike 
form  to  a  hyper-coiled  form  when  pH  decreases  beyond  a  critical 
pH  of  4-6.  The  interlayer  interaction  of  monolayers  containing 
poly (methacrylic  acid)  segments  as  a  head  group  is  studied. 
The  surface  pressure  -  area  {n  -  A)  isotherms  is  measured  to 
monitor  the  intralayer  forces. 

Amphiphile  1  formed  a  stable  monolayer  at  the  air-water 
interface.  Figure  1  shows  pH  dependence  of  the  n-A  isotherms. 
The  isotherm  changes  slightly  except  at  large  molecular  areas 
where  the  pressure  increases  at  higher  pH's.  The  monolayer  of 
1  was  transferred  to  hydrophobized  mica  surfaces  at  a  pressure 
of  35  mN/m  in  the  down-stroke  mode.  Repulsion  extends  longer 
than  3000  A  in  pure  water  (pH  -  6),  and  increases  significantly 
at  pH  8.1  (Figure  2).  At  lower  pH  of  3.5,  observable  repulsion 
exists  only  in  the  surface  separation  range  smaller  than  600  A. 
The  separations  showing  repulsion  of  20  mN/m  are  ca.  700  A  at  pH 
8.1,  0  A  in  pure  water  (set  as  a  reference  position),  and  -  100 
A  at  pH  3.5.  The  conformatinal  change  of  the  polyelectrolyte 
head  group  of  1  causes  this  pH  dependence  of  forces. 
Interlayer  and  intralayer  interactions  will  be  discussed. 


Fig.  1.  The  ;t-A  isotherms  of 
1  at  various  pH's. 


Fig.  2.  Repulsive  forces 
between  monolayers  of  1. 
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PERFECTNESS  AND  BLOCKING  PROPERTY  OF  LB  FILMS  ON  PLATINUM 
ELECTRODE  INVESTIGATED  BY  CYCLIC  VOLTAMMETRY  AND  SCANNING 

TUNNELING  MICROSCOPY 

Zili  Ma,Chan9xin  Zhu  and  Shijln  Pang 
Beijing  Laboratory  of  Vacuum  Physics, Academia  Sinica, Beijing, China 

Qingxu  Chen  and  Long  Jiano 

Institute  of  Photographic  Chemistry, Academia  Sinica,Beijing, China 


The  perfectness  and  blocking  properties  of  LB  films  have  been  studied  by 
cyclic  voltammetry  and  scanning  tunneling  microscope.  A  trieiectrode  electrolysis 
ceil  composed  of  working  platinum  elective, saturated  calomel  electrode 
(SCE},and  platinum  counter  electrode  hove  been  used.  Arochidic  acid  iC^^)  was 

deposited  on  the  platinum  working  electrode.  Cyclic  voltammograms  showed  that 
in  solutions  of  3N  Hj,SO^  and  1N  KCl  the  LB  film  of  arochidic  acid  acted  as  an 

insulation  ioyer  on  the  platinum  surface, and  the  insulation  ability  increased  as 
the  number  of  deposited  layer  became  more.  However,STM  showed  that  there 
were  defects  still  existed  in  the  LB  film.  Altiiough  rough  and  inhomogeneous 
surface  of  Pt  substrate,  indlviduol  domain  of  monolayer  with  a  certain  order 
structure  were  first  imaged  on  practicable  polycrystal  platinum  surface.The 
domain  of  Cjo  monolayer  imoged  by  STM  was  becoming  larger  as  the  number  of 

deposited  layer  increasing,  which  may  provided  a  new  thinking  of  multilayer 
structure. 
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MOMOI*XYSR  AND  MDXiTILAYBR  FILM  CBABACTXRZSAflON  0SIN6 
SUR7ACB  FLASMON  RXSONANCl 

S.J. Cooke  and  G.G. Roberts 

Department  of  Engineering  Science,  University  of  Oxford, 

Parks  Road,  Oxford,  0X1  3PJ,  UK. 

Surface  Plasmon  Resonance  (SPR)  is  a  technique  ideally  suited  to  the 
analysis  of  mono-molecular  films,  produced  using  the  Langmuir-Blodgett  (LB) 
method.  The  coupling  of  laser  light  to  a  tightly  confined  propagating 
plasmon  mode  at  a  silver  surface  is  greatly  influenced  by  a  dielectric  film 
at  this  surface.  Internal  reflectometry  of  a  dielectric-coated  thin  silver 
film  on  glass  may  be  analysed  to  deduce  film  thickness  and  permittivity 
information. 

The  reflectometer  apparatus  has  been  developed  with  an  emphasis  on 
high  accuracy  (<0.1%  error).  The  entire  instrument  has  been  modelled  and 
characterised,  and  systematic  losses  conq^ensated  to  permit  a  reliable  fit 
to  theory.  A  fast  Laurent -Marquardt  fitting  procedure  has  been  applied, 
using  the  exact  Fresnel  reflectance  formulae  over  a  wide  range  of  angles, 
allowing  all  6  pertinent  thickness  and  (conplex)  permittivity  parameters  to 
be  simultaneously  determined. 

The  technique  has  initially  been  applied  to  LB  films  of  behenic  acid, 
a  well  characterised  single  fatty  acid  system.  Excellent  agreement  of  film 
refractive  index  and  thickness  per  layer  was  obtained  between  measurements, 
even  for  a  single  monolayer.  Using  a  molecular  model,  a  tilt  angle  of  25° 
was  predicted  in  accord  with  infra-red  spectroscopy  data. 

The  systematic  study  of  an  extensive  class  of  Organo-Ruthenium 
conplex  surfactant  molecules  is  in  progress  to  determine  the  dependence  of 
film  structure  on  molecular  structure.  Consistent  film  deposition  is 
obtained  through  the  use  of  a  single,  stable,  hydrophilic  head-group. 
Measured  pyro-electric  response  from  these  molecules  is  related  to  film 
structure. 

The  potentially  promising  electro-optic  properties  of  the  class,  due 
to  incorporated  donor-acceptor  molecular  moieties,  will  be  investigated. 
High  film  quality  is  particularly  relevant  for  optical  applications,  but 
has  only  been  obtained  for  simple  systems. 
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SCJkKNlNa  OPTXCJkZ.  MICROSCOPY  OF  LllN6M0IR*BI.00GBT7  FILMS 

A. j.Hudaon.  6. 6. Roberts  and  T. Wilson 

Department  of  Engineering  Science,  University  of  Oxford, 

Parks  Road,  Oxford,  0X1  3PJ,  U.K. 


Many  optical  techniques  are  available  in  order  to  characterise  the 
structure  of  Langmuir-Blodgett  (I«B)  films .  Conf ocal  imaging,  using  a 
scanning  optical  microscope  (SOM),  offers  improved  resolution  over 
conventional  microscopy,  as  well  as  offering  great  flexibility  in  image 
processing. 

High  quality  images  have  been  produced  by  depositing  the  films  as 
step  structures  on  silanised  silicon  wafers. 


The  intensity  produced  is  modelled  by  considering  the  interference 
effects  caused  by  multiple  reflections  from  the  various  interfaces  in  the 
system.  Using  a  range  of  different  laser  wavelengths  and  known  oxide 
thicknesses  (measured  using  ellipsometry)  film  parameters  such  as  thickness 
or  complex  permittivity  can  be  determined.  The  technique  thus  provides 
quantative  data  while  simultaneously  allowing  high  (quality  images  to  be 
displayed. 

This  work  is  con^leinentary  to  the  many  forms  of  imaging  which  display 
only  phase  information.  Differential  phase  contrast  and  Nomarski  microscopy 
have  also  been  used  in  these  studies  to  yield  additional  information  about 
film  quality. 

The  system  has  been  fully  characterised  using  single  materials  such 
as  behenic  acid  and  is  now  being  used  to  assess  the  structure  of 
pyroelectric  LB  films.  Altering  the  polarisation  of  the  incident  beam  will 
allow  the  orientation  of  dye  chromophores  to  be  determined  and  aggregation 
effects,  particularly  within  mixed  films,  to  be  studied. 
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OPTICAL  CHARACTERISATION  OF  HIGHLY  ABSORBING 
LANGMUIR-BLODGETT  FILMS  USING  ATR  TECHNIQUES 

C.R.  Lawrence,  and  J.R.  Sambles 
Department  of  Physics,  The  University  of  Exeter,  Stocker  Road, 

Exeter,  Devon  EX4  4QL,  UK  , 

There  is  substantial  interest  in  the  fabrication  of  non-centrosymmetric  thin  film 
or  waveguide  structures  in  the  form  of  Langmuir*Blodgett  multilayers.  These  have 
potential  in  non-linear  optics  for  use  as  optical  switches  and  in  second  harmonic  gener¬ 
ation  applications.  However  to  have  high  non-linear  coefiicients  there  is  often  the  need 
for  a  strong  resonance  in  the  wavelength  region  of  interest.  This  then  mezms  that  the 
structures  are  optically  strongly  absorbing,  which  therefore  makes  them  difficult  to  char¬ 
acterise  using  conventional  waveguide-coupling  techniques.  An  alternative  procedure  is 
to  use  the  excitation  of  stirface  plasmons  in  a  structure  comprised  of  a  prism/metal/LB 
film.  This  allows,  provided  the  thickness  of  the  film  is  known,  a  reasonable  characterisa¬ 
tion  of  the  optical  properties.  However,  unlike  the  guided  mode  technique,  which  allows 
full  optical  dielectric  tensor  characterisation,  the  surface  plasmon  approach  leads  to  an 
assumed-isotropic  refractive  index. 

There  is  a  second  approach,  for  highly  absorbing  films,  which  may  be  better  than 
the  surface  plasmon  technique.  This  is  simply  a  study  of  the  reflectivity  of  a  thin 
film  deposited  on  a  prism  of  high  index,  measured  with  light  incident  from  inside  the 
prism,  for  angles  of  incidence  close  to  the  critical  angle.  Using  this  procedure  with 
both  p  and  s  polarised  radiation,  the  s  remember  not  being  avzulable  with  the  surface 
plasmon,  it  is  possible  to  obtain  more  complete  information  on  the  optical  properties 
of  the  film,  particularly  at  wavelengths  close  to  the  resonance.  In  this  study  we  have 
used  both  techniques  to  characterise  the  optical  properties  of  LB  films  composed  of 
Zwitterion  complexes.  The  results  obtained  axe  compared  with  the  direct  absorption 
measurements  using  more  conventional  spectroscopic  techniques,  which  only  provides  a 
very  limited  optical  characterisation  of  the  layers. 
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TffO-DXNENSXONJU;i  ORGAMXC  CRYSTJ^LLXME  FXLMS 
ST9DXED  BY  TUNMELXB6  MXCOSCOPY 

w.M.  Heckl*.  D.P.E.  Smith+  and  H.  Klagges* 

*  UniversitSt  Mtinchen,  Sektlon  Physik,  Schellingstr .  4, 
8000  Miinchen  40  FRG 

+  IBM  Physics  Group,  Schellingstr.  4,  8000  Miinchen  40  FRG 


The  two  dimensional  ordering  of  small  organic  molecules  on 
the  surface  of  graphite  and  molybdenum  has  been  Investigated 
with  nearly  atomic  resolution  by  scanning  tunnelling 
microscopy  (STM) .  We  will  discuss  the  structure,  the 
registry,  the  adsorption  and  imaging  mechanism  as  well  as 
lattice  defects  and  dynamical  aspects  of  the  interfacial 
layer.  We  will  concentrate  on  DNA  bases  and  show  some 
additional  examples  of  liquid  crystals  and  a  dye  molecule. We 
prepared  monomolecular  films  which  are  homogeneous  over  many 
micrometers,  although  they  sometimes  show  lattice  defects. 
Molecular  orbital  calculations  allow  for  the  comparison  of 
predicted  electron  densities  with  the  observed  STM  contrast 
and  are  a  valuable  help  for  the  interpretation  of  the 
observed  experimental  results. 

Lit.  D.P.E.  Smith  and  W.M.  Heckl,  Nature,  Vol.  346,  No. 
6285,  pp.616  -  617,  1990 
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OISECT  MEAStmUfElIT  Qig  THE  FOKCES  BETffEEN 
HANSLIOSIDE  BIUTEIS  DEPOSITED 
ON  MICA  SDBSTEATES 

P  r.  LUCKHAM.  J.E.C.WOOD  and  R.M.  SWART* 

Dept..:  Chem  Eng  ,  Imperial  College,  London  SW7  2BY..U.K. 

and 

*I.C  I.  Corporate  Colloid  Science  Group,  The  Heath  ,  Runcorn, 

U.K.: 

ABSTRACT 

Glyccsphingolipids  are  ubiquitous  membrane  components  and 
have  been  implicated  in  cellular  interactions,  oncogenesis  and 
differentiation.  The  forces  between  mica  surfaces  coated  with  a 
bilayer  of  the  gangliosides  GMj^  and  GT^j^,  as  a  function  of 

surface  separation  have  been  measured  using  the  mica  surface 
forces  apparatus.  The  results  show  that  at  long  distances  the 
data  can  be  rationalised  in  terms  of  electrical  double  layer 
theory,  whilst  at  shorter  range,  steric  forces  dominate  and 
prevent  any  adhesion  between  the  bilayers  occurring 

Ganglioside/ phospholipid  mixtures,  show  similar  results  although 
at  sufficient  dilution  the  normal  adhesion  observed  with 
phospholipid  bilayers  returns.  P-A  isotherms  and  surface 
potential  measurements  for  the  same  system  will  also  be  reported. 
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Symmetry  and  Orientational  Structure  in  Hemicyanine  Monolayer  by  Surface  SHG 

and  Absorption  Spectrum 

Kotaro  KAJIKAWA.  Koichiro  SHIROTA,  HWeo  TAKCZOE  aiKl  Atsuo  FUKUDA 
Tokyo  Inst.  Technology,  Dept.  Organic  and  Polymeric  Materials. 

0-okayama,  Megro-ku.  Tokyo  152  Japan 

Symmetry  and  orientational  structure  of  the  hemicyanine  dye  (fig.1) 
monolayer  were  studied  by  surface  second-harmonic  generation  (SHG)  and 
absorption  spectra.  It  was  found  that  the  formation  of  the  H-aggregates  in  the 
monolayer  of  higher  dye  fraction  strongly  depends  on  the  compression  process;  the 
conventional  compression  by  moving  the  barrier  does  not  bring  about  the  formation 
of  the  H-aggregates.  while  the  compression  by  spreading  the  dye  solution  does 
cause  the  formation.  Moreover,  the  formation  of  H-aggregates  breaks  the 
homogeneous  orientation  (Coov  symmetry)  of  the  hemicyanine  molecule  in  the 
monolayer  on  water.  By  the  deposition  of  the  H-aggregated  molecules  onto  a 
substrate,  the  monolayer  obviously  changes  its  symmetry  into  homogeneous  Ceev 
structure,  where  H-aggregated  oligomer  and  monomer  coexist.  On  the  contrary, 
mixed  hemicyanine  monolayers  with  amchidic  add  maintain  their  structure  of  the 
homogeneous  orientation  after  the  deposition  in  spite  of  a  slight  change  in  average 
tilt  angle  of  the  molecule.  We  infer  that  the  electrostatic  interaction  between  the 
anion  (arachidic  add)  and  the  cation  (hemicyanine)  makes  them  rigidly  packed.  In 
the  compression  of  the  mixed  monolayer  and  pure  hemicyanine  monolayer  on 
water  by  the  conventional  compression  by  moving  the  barrier,  they  maintain  their 
symmetry  and  orientational  structure. 

From  a  view  point  of  nonlinear  optics  in  L  and  LB  film,  we  found  some  impor¬ 
tant  results.  In  evaluating  these  structures,  previous  workers  neglected  the  fre¬ 
quency  dispersions  of  the  dielectric  constant  of  the  monolayer,  frequency 

W.  By  comparing  the  computer  simulation  and  the  SHG  measurement,  we  found 
that  em(2Q>)^m(<>>)  should  be  taken  into  account.  We  could  determine  Efn(2(D}/iBm(<^} 

of  various  kinds  of  monolayer  by  measuring  the  SH  light  intensity  with  parallel  and 
perpendicular  polarizers  as  a  function  of  the  polarization  direction.  If  we  have  data 
of  em(2(d)  and  em(<o).  we  can  even  determine  the  ratios  of  the  susceptibility  tensor 

elements  without  neglecting  the  contribution  of  the  local  field  factors. 

Fig.  1  Hemicyanine  dye 


HP15 


MOLECULAR  GRAPHICS  IN  THE  STUDY 
OF  THE  STRUCTURE  OF  LB  FILMS 


Ai.  Zhuming  and  Wei  Yu 

Laboratory  of  Molecular  and  Biomolecular  Electronics 

Southeast  University 
Nanjing,  210018 
P.  R.  China 


ABSTRACT 

Molecular  graphics  has  found  wild  applications  in  manj* 
aspects  of  chemistry  such  as  drug  design  and  protein 
engineering.  However,  seldom  efforts  have  been  put  on  the 
study  of  the  structure  of  LB  films.  This  paper  describes 
=nme  molecular  graphics  methods  which  have  been  used  in  our 
laboratory  in  the  study  of  the  structure  of  LB  films  and  the 
structure  of  J-aggregates . 

The  arrangement  of  molecules  in  the  LB  films  and  the 
strtioture  of  J-aggregates  are  interesting  aspects  of  the 
study  of  LB  films.  They  are  also  important  in  the  study  of 
molecular  electronics.  Molecular  graphics  has  not  only  been 
used  to  show  the  structure  of  LB  films,  but  also  to  measure 
'■he  molecular  area  in  the  LB  films. 

Molecular  graphics  cooperated  with  molecular  mechanics 
'■rd  molecular  dynamics  can  he  used  to  study  and  even 
y-edicate  the  structure  of  the  LB  films.  Thus,  the 
experimental  results  can  be  explained.  Molecular  graphics 
ca”  also  predicate  the  property  of  the  LB  films. 

i  molecular  graphics  program  run  on  IBM  PC  has  been 
developed  to  study  the  LB  films.  The  program  can  build  the 
3-dimensional  molecular  model,  and  measure  the  molecular 
area.  Molecular  mechanics  study  has  found  the  roost  probable 
structure  of  a  kind  of  cyanine  LB  film,  and  the  calculation 
process  and  the  result  was  shown  by  molecular  graphics. 

Molecular  graphics  is  helpful  in  the  research  of  LB 
films,  and  computers  can  be  used  to  simulate  the  LB  films. 
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EVALUATION  OF  HORIZONTAL  LIFTING  METHOD 
OF  LB  FILMS  BY  USING 
A  QUARTZ  CRYSTAL  MICROBALANCE 

Yoshio  OK  AH  AT  A,  Kentarou  TANAKA,  and  Katsuhiko  ARIGA 

Department  of  Biomolecular  Engineering, 

Tokyo  Institute  of  Technology,  Ookayama,  Meguro-ku,  Tokyo  152,  Japan 

The  characterization  of  Langmuir>Blodgett  (LB)  films  has  been 
widely  studied  in  the  dry  state  by  various  methods.  However,  the  in 
situ  evaluation  of  LB  films  during  the  dipping  process  has  not  been 
fully  explored. 

In  this  paper,  we  report  evaluations  of  horizontal  lifting  methods 
of  LB  films  by  using  a  quartz  crystal  microbalance.  Although  the 
horizontal  lifting  method  of  LB  films  is  known  as  one  of  techniques  for 
transferring  monolayers  onto  a  substrate,  quantitative  characterizations 
of  a  transfer  ratio  of  monolayers  and  transferring  mechanism  because  of 
difficulties  of  studying  those  parameters  quantitatively.  We  observed 
the  transfer  ratio  and  transfer  mechanism  of  horizontal  liftin'^  method  of 
LB  films  by  using  a  quartz  crystal  microbalance  (QCM)  as  a  substrate. 
QCM  is  well  known  to  detect  a  mass  on  the  plate  from  frequency 
changes  in  a  nanogram  revel.  Thus,  the  transferred  weight  on  the  QCM 
substrate  can  be  determined  directly  in  a  ng  level  from  frequency 
changes  of  the  (^M  plate. 

In  the  case  of  vertical 
dipping  methods,  monolayers 
having  hydrophilic  head  groups 
were  not  transferred  with  a 
good  transfer  ratio.  On  the 
contrary,  most  monolayers 
were  able  to  be  prepared  by 
the  horizontal  lifting  method 
with  a  transfer  ratio  of  2  and 
their  LB  films  showed  well 
oriented  structures  from  X-ray 
analyses. 
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FUUIDmY  SURFACXm  ^OllEIN  SP-C  AND  PHDSPHATIDm»OLINES 
^  DILAmS  Aim  MMOIAYilti 

K  M.W.  KeouA^»^.  G.  SlMtos^,  J.  PAr«z*GlI^.  K.  tog*  and  M.R.  Morrow*.  . 
Departaents  of  ^Biocheaistry,  ^todiatriea  moA  *{|^Bies.  Mmorlal  Uni'^rslcy 
of  He%rfoundland,  St.  John's,  tottfoundlimd,'  Cansto,  A1B.3Z9. 

Pulaonary  surfactant  Is  aatarial  lowats  surfaea.  tension  In  tiie 

lung  alveoli,  so  that  it  reduces  woxlc  of  l»rea&iiig  and  prevents 
alveolar  collapse  or.  atelectasis  at  low  lung  voluaea.  tbs  aatarial 
consists  of  about  90X  lipids,  of  idii^  dlpalaitejl^tt^^ti^leholine, 
DPPC,  is  the  aajor  coaponent,  and  at  least  four  pnitaiss,  SP*A,  SP-B,  SP- 
C,  and  SP>D.  Two  of  t^se  piroteins,  SP*B  and  SP*C,  mem  very  ^^o^bdbie 
end  are  considered  to  help  in  the  process*  of  tatansisrring  lipid  froa 
bilayers,  ^  fora  in  iditch  it  is  s^reted  ^  laa^  eaUs,  into  a  aMol^per 
at  the  air -water  interface. 

The  interaction'  of  tint  protein  SP-C  with  sa&yu:ated 
phosphatidylcholines  in  biliqrers  and  isonol^^rs  haa  bMa  studied  by  %• 
nuclear  aagnetie .  res<muiee  speetroseepy,  hi|^  saosltivlqr  differential 
scanning  ealorinetry,  and  epifluoreseenee  of  ■onols^ra  under  Mnpression. 

It  has  been  observed  that  8P-C  produces  a  percurhatlMi  in  the 
packing  of  the  saturated  PC.  The  gel  to  liquid-crystalline  phase 
transition  was  broadened  by  SP-C  as  seen  bodi  by  calorinetric  scans  and  in 
the  first  nonents  of  %-tuir  spectra  fron  perdeuterated  diains  in  the 
lipids.  The  Ti  relaxation  tines  of  the  acyl  chains  was  essentially 
unaffected  by  the  protein.  The  Tj.  of  the  chains  was  decreased  in  the 
liquid  crystal  and  its  teaperature  dependence  was  altered  in  the  gel. 
Initial  studies  indicate  that  the  first  nonsnts  >f  die  spectra  ^-lanr  of 
the  head  group  of  DPPC  were  not  substantially  affected  by  SP-C.  SP-C 
affected  the  distribution  of  condensed  and  fluid  donains  in  aonolayers  in 
the  liquid  expanded/liquid  condensed  region  by  producing  aore,  nailer, 
condensed  dosMins  in  the  two  phase  region  diim  seen  for  pure  lipid 
aonolayers.  SP-C  appeared  to  provide  nueleation  sites  for  condensation 
during  the  LE/LC  transition. 

These  results  are  consistent  with  SP-C  being  eabedded,  at  least  in 
part,  in  the  acyl  chains  of  the  lipid,  and  there  being  a  relatively  good 
Batching  of  the  packing  of  the  protein  with  die  lipid  so  that  severe 
packing  dislocations  in  PC  bilayers  are  not  produced  by  the  proteins. 
(Supported  by  the  Medical  Research  Council  and  the  totural  Sciences  and 
Engineering  Research  Council  of  Canada.) 
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SIMULTANEOUS  ELECTRICAL  AND  OPTICAL  INTOBFtMOMEntlC 
MEASBREMBITS  OF  MESSIIBB  AWB  AWNJWB  POTONTIAI.  INDUCED 
MIAVER  UHD  MEMMANE  DBHMMATION 


Gilles  Picard,  Nonnand  Deoiooiirt,  and  Janot  H.  Fcndler 
D^fMotenienl  de  Chimte 
Univerat^  de  Moatrdal 
CP.  6128,  suocursate  A 
Montrdal,  Qu6b<^  Canada  H3C  3J7 


Hydrostatic>|iffessure*  and  traasmembrane^tential-mduced  ctefonnations  of 
glyceryl  monooleate  (GMO)  and  bovine-brain  phoaphatid^SCTine  Q?S)  bilayer  lipid 
membranes  (BLMs)  were  investigated  by  sumtomemis  optical  and  electrical 
measurements.  The  investigation  of  a  large  nund)er  of  saaqites  established  subtle 
variadoos  in  the  ot^ervable  paran^tors  (iqppMranoe  concemric  t^ticai  interference 
fringes,  cq}adtance,  voltage<^pendent  capadtai^  r^tivity  and  w>ltage*dq)endent 
resistivity  changes  as  a  function  of  hydi^tadc  pressure  a^  applied  potential)  of 
separate^  formed,  but  otherwise  identi(^  BLMs.  Sunultaneous  o^cal  and  electrical 
measutements  were  performed  on  given  BLM  preparattons,  eadi  of  vdudi  had  relatively 
small  Bat^uri^Mbbs  borders  and  ^survived"  da  hours  or  loiter.  A^licadon  of  (4- 
21)  mNm~^  hydrostatic  pressure  (P^p)  resulted  in  the  i^^searance  of  concentric  optical 
interference  fringes  (some  of  which*^ were  transient)  v^di  allowed  the  calculation  of 
translational  (lateral)  di^lacements  (Ff)  and  curvature  changes  (F^.  Plots  of  F^  values 
i^ainst  P)jp  gave  go^  straight  lines  from  v^ch  imerfruaal  tensions  (y)  of  GMO  and  PS 
B04s  were  calculated  to  be  0.22±0.02  mK/m  and  0J29±0.03  mN/m,  respectively. 

Support  of  this  work  by  a  grant  from  the  Natural  Sciences  and  Engineering 
Research  Council  of  Canada  is  gratefrilly  admowledged. 
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DESIGN  AND  PROPERTIES  OP  LANGMUIR  PllilS  OP  PHOTOSENSITIVE  PROTEINS 
ZaitsAv  S.Yu*,  Kalablna  N.A. ,  Lukathav  E.P.*, 

Kononenko  A. A.*,  Abdulaav  N.G.,  Ziibov  V.P. 

Shacayakin  Instituta  of  Bloprganio  Cheaaiatry,  USSR  Acadamy  of 
Scianeaa,  Moacow  117871;  *  -  Dapartaoant  of  Biophysics,  Faculty 
of  Biology,  Lomonosov  Stata  Univarsity,  Moscov  119899  USSR. 

Design  of  Langmuir  films  employing  biooomponants  is  a  field  of 
much  research  in  recant  years  [1].  Photosensitive  membrane  proteins 
(bacteriorhodopsin  or  bacterial  reaction  centers)  in  which  effec¬ 
tive  directional  light-dependent  electron  (or  proton)  transport 
take  place  [1-3]  are  not  only  unique  systems  for  investigation  of 
moleoular  mechanism  of  photoreception  but  also  promising  as  poten¬ 
tial  sensor  materials  in  molecular  electronics.  A  problem  of  funda¬ 
mental  importance  is  the  design  of  highly  ordered  Langmuir  films 
Incorporating  such  proteins  to  provide  vectorial  charge  transfer. 

The  optimal  conditions  for  stable  mono-  and  multilayer  prepa¬ 
rations  of  reaction  centers  from  Chi.  aurantiacus,  Rb.  sphaeroides, 
Rps.  viridis  and  bacteriorhodopsin  were  determined  [2,3].  It  was 
shown  that  optical  and  photoelectrical  properties  of  the  obtained 
Langmuir  films  were  similar  to  those  of  the  native  proteins.  The 
sign  of  photopotential  provides  evidence  that  the  R-sUbunit  of  Rb. 
sphaeroides  is  oriented  preferentially  to  the  water  at  the  air/ 
water  Interface.  In  contrast  to  this,  the  H-subunit  of  Rps.  viri¬ 
dis  orients  to  the  air,  because  of  the  presence  of  a  more  hydro¬ 
philic  cytochrome-subunit  in  these  reaction  centers.  The  ratio 
20:80  was  obtained  for  oppositely  oriented  protein  molecules  [2]. 

The  possibility  was  shown  [3]  for  regulation  of  the  orienta¬ 
tion  and  the  lifetime  of  the  intermediates  in  the  bacteriorhodopsin 
photocycle  by  using  Langmuir  te^miqpies  combined  with  immobiliza¬ 
tion  of  the  protein  in  a  polyiMr  matrix. 

1. xu.M.Lvov,  v.V.Erokhin,  S.Yu.Zaitsev  Biol. Membranes  9  (1990)  917 

2. N,A.Kalabina,  S.Yu.Zaitsev,  M.A.Xutusov  et  al.  Biol. Membranes 
7  (1990)  1086 

3. S.Yu. Zaitsev,  S.V.Dzekhtser,  V.P.Zubov  Studia  Biophysics  132 
(1989)  105 
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IMTBRFACXAL  THBRMODYMMCZCS  and  JICTIYITY  OF  ZgQ  MONOXAYBRS 


A.  Schirone*,  C.  Historic  D.  De  Rossi.  A.  Ahluwalia* 

Centro  "B.Piaggio",  University  of  Pisa,  Via  Diotisalvi  2, 

56100  Pisa,  Italy 
and 

*EUEA  CREA,  C.P.  316,  19100  La  Spezia,  Italy. 


Isotherms  of  antibody  films  have  been  examined  to 
determine  the  behaviour  and  conformation  of  IgG  molecules  at 
the  gas  water  interface.  Films  of  polyclonal  IgG,  monoclonal 
IgG  and  F(ab)2  fragments  were  examined  over  a  tenperature  range 
of  15-40*C.  These  were  compared  with  those  of  hxxman  serum 
albumin  which  is  one  of  the  proteins  commonly  used  for 
preparing  Langmuir  films. 

All  the  isotherms  exhibited  an  isopiestic  point,  that 
is  a  point  on  the  Jt-A  diagram  that  is  common  to  all 
temperatures.  The  isopiestic  point  suggests  that  the  monolayer 
exsists  in  two  or  more  phases.  In  particular,  the  isopiestic 
point  of  films  of  whole  IgG  and  of  fragments  occurs  at  around 
the  same  pressure,  (between  29  and  31  mN/m) ,  and  all  these 
isotherms  have  similar  shapes.  It  can  thus  be  concluded  that 
the  crystallizable  fragment  of  the  antibody  plays  a  negligible 
role  in  determini:  g  its  behaviour  at  the  gas-water  interface. 

From  the  isotherms,  we  have  calculated  the  surface 
con5)ressional  modulus,  entropy  and  the  free  energy  of 
desorption  of  the  molecules  at  the  interface.  A  simple 
physical  model  is  proposed  which  explains  the  curves  in  terms 
of  the  flexibility  of  the  hinge  region  of  IgG  molecules  and 
F(ab)2  fragments. 

The  immunological  activity  of  films  of  whole  IgG  and 
fragments  upon  transfer  to  a  glass  slide  were  determined  by 
enzyme  linked  immunoassay.  Films  were  deposited  by  both 
dipping  and  touching.  The  activities  were  similar  in  both 
cases,  and  over  3  times  greater  than  that  of  adsorbed  films, 
indicating  that  the  L.B.  method  can  furnish  high  surface 
densities,  but  in  the  case  of  antibodies,  with  little  control 
over  their  orientation. 
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SURFACTIN  :  INTERFACIAL  PROPERTIES  AND  INTERACTITO  WITH  MEMBRANE 

LIPIDS  IN  MIXED  MONOLAYERS 


R6gine  MAGCT-DANA  and  Marius  PTAK 
Centre  de  Biophysique  ^tol6culaire  (CNRS) 
lA.  avenue  de  la  Recherche  Scientifique,  45071  ORLEANS  CEDEX  2,  France 

Surfactin,  which  is  produced  by  several  strains  of  Bacillus  subilis  is 
the  most  efficient  biosurfactant  so  far  known.  Moreover  this  coit^^ound 
possesses  an  antibacterial  activity  and  inhibits  the  fibrin  clot  formation. 
It  is  a  cyclic  lipopeptlde  consisting  of  a  heptapeptide  and  a  lipid  portion 
which  is  a  mixture  of  B-hydroxy  fatty  acids  (C14  and  C15)  : 


L-|lu  — 
6-OH-C14-15 

T 

L-Leu  _ 


D-Leu  _ 


D-Leu 


D-Leu 

i 

L-Val 


A. 


L-Asp 


We  have  studied  the  interfacial  properties  of  surfactin  as  a  function 
of  tenperature  and  subphase  composition  (pH  and  nature  of  the  ions) .  From 
the  compression  isotherms  we  have  determined  the  pK  of  the  surfactin  at  the 
interface  (pKs)  that  is  2  units  above  the  pK  in  solution. 

Because  the  biological  properties  of  surfactin  seem  related  to  its 
interactions  with  membrane  cells  we  have  studied  the  interactions  of  sur¬ 
factin  with  membrane  lipids.  In  mixed  monolayers  spread  on  an  acid  sub¬ 
phase,  surfactin  is  miscible  with  dimyrlstoyl  phosphatidylcholine  (DMPC). 
The  mixture  behave  ideally  as  indicated  by  the  examination  of  the  mean 
nwlecular  areas  (no  deviation  from  the  additivity  rule)  and  transition 
pressures.  Isotherms  of  mixed  surfactin- cholesterol  monolayers  show  that 
surfactin  interacts  non  ideally  with  cholesterol  (positive  deviation  of  the 
mean  molecular  areas). 


IP6 


Interfacial  Filins  of  The  Membrane  Protein:  Photoreaction  Unit 

Masayuki  Hara^.  Yoshiaki  Yasuda^  and  Jun  Miyake^ 

^Fermentation  Research  Institute,  Agency  of  Industrial  Science  and 
Technology  (AIST),  Ministry  of  International  Trade  and  Industry  (MITI), 
1-1-3  Higashi,  Tsukuba,  Ibaraki  305,  Japan. 

^Tsukuba  Research  Laboratory,  Stanley  Electric  Co.  Ltd.,  5-9-5  Tokodai, 
Tsukuba,  Ibaraki  300-26,  Japan. 

Recently,  thin  films  of  proteins  attract  much  attention  of  re¬ 
searchers  in  both  fields  of  biological  science  and  material  science. 

Most  of  these  works  are  concerned  with  soluble  proteins.  We  show 
an  example  of  the  Langmuir-Blodgett  films  of  a  membrane  protein  with 
high  molecular  weight  In  this  report.  Photorcuction  unit  (PUU)  is  an 
integral  membrane  protein  with  molecular  weight  of  368,000  daltons. 

It  is  a  pigment  protein  complex  consisting  of  a  photoshynthetic  reac¬ 
tion  center  and  light-harvesting  chlorophyll  proteins.  The  shape  of 
PRU  has  a  hexagonal  symmetry.^^  Top  eind  bottom  faces  of  PRU  are 
hydrophilic  while  side  faces  are  extremely  hydrophobic. 

We  purified  PRU  from  photosynthetic  bacterium  Rhodopseudomonas 
vlridis  by  electrophoresis  in  the  presence  of  a  detergent  3-[(3-chola- 
midoproryDdimethyl  ammonloj-l-propanesulfonate  (CHAPS).^^  The  puri¬ 
fied  PRU  is  soluble  in  low  ionic  condition  but  insoluble  in  high  ionic 
condition.  It  could  be  spread  on  the  surface  of  the  solution  con¬ 
taining  3  M  ammonium  sulfate  and  100  mM  Tris  HCl  (pH  8.2)  to  be  a  thin 
layer  film.  We  estimated  the  area  of  the  thin  layer  by  the  sumina- 
gashi  method  with  sumi-suspension  (Japanese  traditional  ink).^^  The 
area  of  the  thin  layer  was  almost  proportional  to  the  amount  of 
added  PRU.  The  absorption  spectrum  of  the  thin  layer  was  similar  to 
that  of  native  PRU  solution.  It  suggested  that  PRU  was  not  dena¬ 
tured  by  the  surface  tension  while  spreading  on  the  air-water  inter¬ 
face.  Densely  packed  PRU  In  the  thin  layer  was  observed  by  elec¬ 
tron  microscopy  with  negative  staining.  Surface  pressure  of  PRU  could 
be  also  measured  by  a  LB  trough  in  the  absence  of  sumi-suspension. 

Above  results  showed  that  the  monolayer  film  of  PRU  was  formed  on 
the  air-water  interface. 
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Preparation  of  Langmuir-Blodgett  Filos 
of  the  Photosynthetic  Proteins 

Yoshiaki  Yasuda^ . Hiroaki  Sugino^ . Masaii  Kuiei^, 

Yoshiki  Hirata^.Jun  Miyake^  and  Masaaichi  Fujihira^ 

^Tsukuba  Research  Laboratory.  Stanley  Electric  Co.  Ltd. ,  5-9-5 
Tokodai.  Tsukuba,  Ibaraki  300-26.  Japan. 
^Fernentation  Research  Institute.  Agency  of  Industrial  Science 
and  Technology  (AIST).  Ministry  of  International  Trade  and 
Industry  (NITI).  1-1-3  Higashi,  Tsukuba,  Ibaraki  305,  Japan. 
^Departaent  of  Bioiolecular  Engineering.  Tokyo  Institute  of 
Technology,  4259  Nagatsuta,  Midori-ku,  Yotohaaa  227,  Japan. 

Thin  fills  of  proteins  have  a  great  possibility  of 
constructing  new  biological  devices  with  interesting  functions. 
Many  works  on  protein  fills  have  been  reported  with  respect  to 
soluble  proteins,  but  the  exaiples  with  leibrane-bound  ones  are 
not  so  luch.  Reaction  center(RC)  froi  a  photosynthetic 
bacterium  Rhodooseudoaonas  viridls  is  a  typical  aeabrane  protein 
with  a  aolecular  weight  of  137,000,  and  exhibits  sequential 
functions  of  charge  separation  and  electron  transfer  following 
light  absorption.  Its  structure  has  been  revealed  by  X-ray 
crystallography,  and  RC  consists  of  the  hydr^hilic  H-  and  C- 
subunlts  and  the  hydrophobic  L-  and  N-  subunits^'.  Here,  we  have 
fabricated  a  Langauir-Blodgett  fill  of  RC  and  studied  the 
properties  of  the  film. 

We  purified  the  RC  by  gel  filtration  chroaatography  in  the 
presence  of  a  detergent  lauryldiaethylaaine  N-oxide  (LDAO).  LB 
fills  were  prepared  with  a  hoaeaade  and  coaputer-controlled  film 
balance.  The  purified  RC  could  be  spread  on  the  subphase 
containing  2  iN  BaClo  and  2  iN  PIPES  (pH  7.0)  by  leans  of  the 
glass  rod  lethod.  With  the  decrease  in  surface  area  per  RC,  the 
surface  pressure-area  isothen  showed  an  abrupt  transition  and  a 
steep  increase  in  the  surface  pressure.  This  suggested  the 
fornation  of  a  densely  packed  lonolayer.  Then,  the  lonolayer  was 
transferred  to  a  solid  substrate  at  the  surface  pressure  of  25-35 
iN/i  by  the  vertical  lifting  lethod.  The  absorption  spectrum  of 
the  LB  film  was  siillar  to  that  of  the  native  RC  solution, 
suggesting  that  RC  was  not  denatured  during  the  LB  film 
fabrication.  Furthermore,  we  have  sandwiched  the  LB  fill  with  a 
pair  of  electrodes,  and  detected  the  electrical  responses  of  the 
device  upon  light-excitation. 

These  results  showed  that  the  LB  fill  of  RC  was  still 
retained  the  activity  to  convert  light  energy  to  electric  energy. 
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ADSORPTION  OF  PROTEIN  AT  THE  AIR/BUFFER  INTERFACE: 

EVIDENCE  FOR  LATERAL  INTERFACIAL  DIFFUSION 

TEISSIE  J.,  Centre  die  Blochimie  et  de  Gdndtlque  Cellulalres  du 
CNRS,  118  route  de  Narbonne,  31062  Toulouse  c^ex,  France 
DOUILLARD  R. ,  Laboratolre  de  Bioohinie  et  Technologie  des 
Proteines,  INRA,  La  Gdraudidre,  BP  527,  44026  Nantes  c6dex  03, 
France 

Adsorption  of  protein  at  Interfaces  plays  a  key  role  In 
foaming  and  emulsifying  processes  of  the  food  Industry. 
Surface  tension  lowering  and  stability  of  the  Interfaclal  film 
are  determined  by  Its  molecular  structure  and  dynamics.  Recent 
data  (Coke  et  al.,  1990)  show  that  the  mobility  of 
lactoglc^ulln  adsorb^  at  the  alr/buffer  Interface  Is  very  low 

In  this  ccNonunlcatlon,  we  pnasent  evidences  for  the  very 
fast  diffusion  of  Rublsco  molecules  at  the  alr/buffer 
interfaoB.  RublsM  was  adsorbed  either  by  local  deposition  In 
the  subphase  or  by  spreading,  using  a  capillary  glass  rod.  The 
rise  of  surface  presure,  measured  19  cm  away,  was  ismedlate  In 
the  spreading  experiment,  and  accompanied  by  a  burst  of 
surface  fluorescence.  Nhen  Rublsco  was  adsorbed  by  local 
deposlt.lon  In  the  subphase,  surface  pressure  rise  was  not  so 
fast,  but  surface  pressure  was  significant  before  ai^  protein 
could  be  detected  In  the  subf^iase  below  the  Hllhela^  plate.  In 
both  cases,  surface  pressure  rise  could  be  Impeded  by 
Interposition  of  a  surface  barrier  between  the  deposition 
point  and  the  surface  pressure  measurement  device.  Removal  of 
the  surface  barrier  results  In  an  Immediate  rise  of  the 
surface  pressure  10  cm  away. 

Our  qualitative  results  and  those  of  Coke  et  al.  could  be 
reconciled  by  hypothesising  that  protein  Interfaclal  diffusion 
Is  strongly  dependent  on  surface  pressure.  Their  results  were 
obtained  at  a  surface  pressure  of  20  -  30  mN/m.  In  our 
experiments,  surface  pressure  was  hardly  detectable  at  the 
beginning  of  diffusion. 
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INCORPORATION  OF  MEMBRANE  PROTEINS  INTO  LIPID  SURFACE 
MONOLAYERS:  CHARACTERIZATION  BY  MEASUREMENTS  OF 
ISOTHERMS  AND  BY  ELECTRON  MICROSCOPY 

Monika  Schonhoff  and  Mathias  Losche 

Institute  of  Physical  Chemistry,  Johannes-Gutenberg-Universitat,  D-6500  Mainz, 
Germany 

The  development  of  complex  functionalized  surfaces  is  a  prominent  goal  of 
organic  thin  film  technology.  Proteins  are  particularly  interesting  objects  to 
incorporate  into  such  systems  since  they  embody  specialized  machineries 
dedicated  for  specific  tasks  and  optimized  by  the  principles  of  evolution.  We 
have  examined  techniques  to  insert  detergent  solubilized  membrane  proteins 
into  lipid  surface  monolayers  and  have  transferred  these  systems  onVo  solid 
substrates  for  further  characterization. 

On  a  Langmuir  film  balance  we  have  optimized  the  conditions  that  lead  to 
the  insertion  of  photosynthetic  reaction  centers  from  R.  rubrum  into  monolayer 
films  of  behenic  acid  as  judged  from  pressure-area  isotherms.  For  the  incor¬ 
poration  we  spread  protein  solutions  at  extremely  low  detergent  concentrations 
onto  the  pre-spread  lipid  monolayer. 

Subsequently,  we  have  optimized  the  transfer  of  these  structures  to  solid 
substrates.  After  deposition  of  the  lipid/protein  films  and  Carbon-Platinum 
shadowing,  we  have  assessed  the  topology  of  the  replicas  and  found  essentially 
two  types  of  particles  that  are  tentatively  attributed  to  (mostly  linear)  protein 
aggregates  and  larger  inclusions  of  detergent  micelles. 
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PHOTOELECTRIC  RESPONSE  OF  BLACK  LIPID  MEMBRANES 
INCORPORATING  AMPHIPHILIC  AZOBENZENE  DERIVATIVE 

Yoshiro  Yonezawa.  Hisashi  Fujiwara  and  Tomoo  Sato 
Department  of  Industrial  Chemistry,  Faculty  of  Engineering 
Kyoto  University,  Kyoto  606  (Japan) 

The  lipid  membrane  system  containing  dye  molecules  capable 
of  photoisomerization,  e.g.,  retinal,  azobenzene,  spiropyran, 
is  of  great  importance  as  a  model  of  biomimetic  visual  systems. 
In  this  study,  we  have  fabricate  the  black  lipid  o^mbrane (BLM) 
of  egg  lecithin  modified  by  an  as^hiphilic  4-octyl-4'-(5-carbo- 
xypen  tame  thy  leneoxy)  azobenzene  (8A5). 

The  BLM  cell  was  of  conventional  type  having  a  quartz  win¬ 
dow  for  illumination*  In  the  Teflon  septum  which  separated  two 
cell  compartments,  there  was  a  hole  of  1.5—2  mm  diameter,  in 
which  the  BLM  was  formed  by  "brush  technique "[1] .  The  membrane¬ 
forming  solution  consisted  of  egg  lecithin (Sigma) (50  mg) (unmod¬ 
ified  BLM)  or  of  8A5 (Dojin) (4.5  mg)+egg  lecithin (50  mg) (modifi¬ 
ed  BLM)  in  a  0.65  ml  n-decane-chloroform  solution (10: 3  by  vol¬ 
ume).  The  DC  voltage,  Vapp*0-50  mV,  was  applied  to  the  cell  and 
the  photoelectric  response  was  monitored  by  an  electronic  pico- 
ammeter. 

The  BLM  was  subjected  to  60  min  irradiation  with  450  nm 
light  followed  by  about  10  min  irradiation  with  365  nm  light  at 
Vapp^lO  mV,  and  then  the  photoelectric  response  was  examined.  A 
sharp  current  signal  in  the  negative  direction  was  observed 
when  visible  light  was  thrown  over  the  modified  BLM,  which  de¬ 
cayed  to  the  original  value  with  a  time  constemt  of  about  50  s 
(Fig.  1 ) .  A  successive  irradiation  with  UV  light  gave  rise  to 
weak  current  signal  in  the  positive  direction.  The  unmodified 
BLM  did  not  show  any  photoresponse.  A  comparison  of  the  action 
spectrum  of  the  negative  photocurrent  with  the  eU:>sorption  spec¬ 
trum  of  8A5  in  solutions  suggests  that  photoresponse  is  initi¬ 
ated  by  excitation  of  the  cis  form  of  8A5. 
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!•  Tile  dependence  of  the  change  of 
current  upon  continuous  illuiination  of  the 
lodified  PIN  with  UV(A.3365  ni)  and  visible 
( A -450  ni)  light.  The  arrows  indicate  onset 
of  UV  and  visible  light. 

[1]  P.  Mueller,  D.O.  Rudin,  H.T.  Tien  and  H.C.  Wescott,  Nature 
194,  979(1962)  ;  J.  Pnys.  Chem. ,  534(1963) 
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CHARACTERIZATION  OF  MONOLAYERS  AND  LANGMUIR-BLODGETT 
HLM  OFDRY  AND  WETCHLOROPHYUo. 

G.  MONGER,  R.M.  LEBLANC,  B.  ZELENT,  A.G.  VOLKOV, 
M.I.  GUGESHASHVILP,  J.  GALLANT,  H.-A.  TAJMIR-RIAHI  AND 
J.  AGHION**,  Centre  de  recherche  en  photobiophysique.  University  du  Quebec 
h  Trois-Rivi&r^,  Trois^Riviyres,  Qu^b^,  G9A  5H7,  Canada;  *  A^.  Fnimkim 
Institute  of  Electrochemistry,  Acad.  Sd.  USSR,  1170^,  Moscow,  USSR;  **  Labo- 
ratoire  de  Biochimie  v^g^tde,  D^partement  de  Botanique,  University  de  Liyge, 
Sart  Tilman  B22,  B-4000  Uyge,  Belgique. 

The  n~A  and  Aa/'A  isotherms  of  dry  and  wet  chlorophyll  a  at  the  gas- water 
interface  were  measured.  It  was  observed  that  the  properties  of  chlorophyll  a 
from  dry  non-polar  organic  solvents  differed  from  that  of  wet  non-polar 
organic  solvents.  This  is  probably  due  to  the  state  of  chlorophyll  a  molecules 
which  can  exists  as  non-hydrated  or  hydrated  monomers,  dimers  and/or 
oligomers. 

A  variation  in  the  collapse  region  is  observed  for  dry  chlorophyll  a  when  we 
change  the  relative  humidity  and  the  speed  of  compression,  moving  from 
28  mN/m  to  ~  48  mN/m.  By  the  photophysical  studies  such  as  absorption, 
circular  dichro&m,  fluorescence  and  infrared  of  LB  films,  we  concluded  that  the 
wet  chlorophyll  a  forms  self-organized  molecular  assemblies  consisting  of  at 
least  5-6  chlorophyll  a  molecules  and  some  bonded  water  molecules. 


IHTERACTlQil  OF  CITOCHROliE  C  AMD  SIBORUCLEASE  WITH 


PHOSPROLIFID  MOROLATESS  . 

M . Saint-Pierre-Chazalet FtessignA^, F . Billoudet^aad 

lf.P.Pileni^'2  _ 

1}  Umversite  P.et  H.  Curie  ,  S.R.I  ,  Batlment  de  ohinie  physique  , 
11  rue  P.et  M.  Curie  ,.75005  Paris  ,  France  . 

2)  C.E.N.  Saclay  D.P.C.,  S.C.M.,  Gif  sur  Yvette  ,  France  , 

Abstract  ;  Protein  /  phospholipid  interactions  vere  investigated 
vith  the  pressure  -  area  technics  in  nonolayer  .  Ribonuclease  and 
cytochrome  C,  water  soluble  and  positively  charged  proteins  ,  were 
shown  to  be  attracted  by  of^site  charged  phospholipids  spread  at 
the  interface  air-water  This  attraction  is  weaker  with 
ribonuclease  than  with  cytochrome  C  With  zwitterionic 
phospholipids  the  insertion  of  the  protein  depends  essentially  of 
the  fluidity  of  the  phospholipid  monolayer  .  The  possible  change  of 
conformation  of  these  proteins  would  allow  their  insertion  into  the 
hydrophobic  part  of  the  phospholipids.  Cytochr<UDe  C  and 
ribonuclease  would  not  only  interact  with  phospholipids  but  form 
aggregates  at  the  interface  . 


3)  Present  address  .  Umversite  P.  and  H.  Curie  .  Laboratoire  de 
Physique  et  Chime  Bi<»oleculaire  ,  UA  C.M.R.S  198  ,  tour  22  23.4 
place  jussieu  75952  Paris  France 


IP13 


A  FOURIER  TRANSFORM  INFRARED  SPECTIROSCOPIC  INVESTIGATKXi 
OF  HYDROPHOBIC  PEPTIDES  IN  I.IPID  BIVIROmffiMT  : 

A  MONOLAYER  STUDY 

A. Dtmthathreyan ,  R.Jayakuwu:,  A.B.Mandal  and  T.Ranasaai, 

CheadLcal  lab.  Central  Leather  Research  Institute,  Adyar,  Madras 
600  020,  INDIA. 

The  properties  of  the  tripeptide  Ala-Ala-Tyr  and  those  of 
Leu-Leu-Tyr  were  investigated  in  monolayers  by  resolution  enhanced 
Fourier-transform  infrared  spectroscopy.  Interaction  with  an  acidic 
phospholipid(OPPA)  in  the  mixed  monolayer  results  in  changes  in 
the  backbone  amide  groups,  whereas  neutral  phospholipid  has  no  effect 
on  the  peptides.  The  conformations  adopted  by  the  two  peptides  in 
the  lipid  environment  are  different  from  each  other.  From  the  position 
of  the  amide  I  bands  of  the  peptides,  it  can  be  inferred  that  the 
groups  are  in  non-ordered  conformation.  These  observations  have 
important  implications  for  the  mechanisms  of  peptide  hormone-receptor 
interactions  and  particularly  for  the  role  of  membrane  lipid  phase 
as  a  biologically  important  modifier  of  the  hormone  conformation. 
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DRUGS  IN  BIOMEMBRANE  MODELS.  A  MONOLAYER  STUDY  OF 
THE  INTERACTION  BETWEEN  A  PHOSPHOLIPID  AND  TWO 
ANTIBIOTICS,  LASALOCID  AND  MONENStNE. 

A.  HOCHAPFEL.  H.  HASMONAY,  M.  JAFFRAIN  and  P.  PERETTI 

Laboratoiie  de  Hiysique  et  Biophysique  des  Milieux  Mai  Ordonn^.  University  Reny 
Descartes,  45  Rue  ctes  Saints  I%e$,  75270 Cedex  06,  France 


Phospholipid  membranes  widi  low  electric  resistance  and  hi^  ion  selectivity  can 
be  produced  by  the  addition  of  small  amounts  of  a  vari^  of  coiiq;K>unds  referred  to  as 
ion-cani^  or  ionophorcs,  most  of  v^ich  exhiNt  antibiotic  activity. 

Our  study  deals  with  two  such  antibiotics,  lasalocid  and  monensin  (Na  salts) 
belonging  to  the  family  of  monocarboxylic  polye^tds,  and  didr  effect  on  Langmuir  films 
of  dipalmitoylphosphatidylchoiine.  This  system  ^vides  a  motltel  for  one  half  of  die 
biomembrane. 

Investigations  on  biiayer  systems  of  these  coiimounds  report  that  the  tuidbiotics 
are  implanted  in  the  lipophilic  part  in  a  large  ting  configuradtm  [1,2],  the  ether  oxygens 
and  the  carboxylic  groups  are  directed  inwards  and  die  periph^  is  covered  with  non 
polar  groups,  in  such  a  way  that  they  constitute  the  lining  of  a  pore  through  which  ions 
are  allow^  to  pass. 

The  usual  penetration  experiments  of  drugs  into  the  monolayer  could  not  be 
performed  due  to  insolubility  of  the  antibiotics  in  the  aqueous  sut^hase.  However, 
important  modifications  in  the  lipid  organizadon  took  place  vdien  snuJl  quantities  of  the 

compounds  were  introduced  into  the  spreading  solution,  as  shown  from  the  JT-A 
isotherms. 

We  can  summarize  the  results  as  follows: 

-  the  characteristic  phase  transition  at  6  mN.m'*  disappeared  as  a  consequence  of 
local  area  expansion 

-  the  area  expansion  was  concentration  dependent  in  the  domain  studied,  molar 
ratio  antibiotic/lipid:  1/240, 1/120  and  1/60 

The  film  area  occupied  by  the  antibiotics  alone  have  been  estimated  from  the  It-A 
curves  of  the  pure  antibiotics  at  various  concentrations  of  the  spreading  solution. 

Their  molecular  area  observed  at  the  pressure  of  maximum  lipid  layer  expansion 
had  consistent  values.  The  areas  occupkd  at  s  0  were  also  determined. 

The  results  indicate  a  very  strong  interaction  between  many  lipid  molecules  and 
one  molecule  of  the  antibiotics  leading  to  higher  rigidity  of  die  film  in  die  transition 
region. 


1.  H.H.MoUenhauer,  D.J.  Morry  and  LD.Rowe, 
Biochim.  Biophys.  Acta,  1031  (1990)225 

2.  F.M.Mengcr,  Bol.  Soc.  Qiil.  Quim.,  35  (1990)  33 
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APPLICATION  OF  THO'DIMENS  ZONAL  CRYSTALLIZATION  OF 
PROTEINS  ON  PLANAR  LIPID  FILMS  TO  STRUCTURE  DETERMINATION 
BY  ELECTRON  CRYSTALLOGRAPHY 

Alain  BRISSON  and  Gervaise  MOSSER 

Laboratoire  de  64n#tique  Mol^culaire  das  Eucaryotes,  CNRS 
Unit^  184  de  Biologie  Mol^culaire  et  de  G^nie  Genitique, 
INSERM,  11,  rue  Humann  -  67085  Strasbourg  C6dex  ~  France 

Electron  inage  analysis  of  thin  two-dimensional  (2-D) 
crystals  allows  high-resolutidn  structure  determination 
of  biological  macronolecules  (Henderson  et  al.,  J.  Mol, 
Biol,,  1990,  211,  899-929).  The  obtention  of  2-D 
crystalline  assemblies  of  macronolecules  constitutes  one 
of  the  main  limiting  steps  for  such  studies.  A  general 
method  of  crystallisation  has  recently  been  developed  for 
soluble  proteins  (Uzgiris  6  Komberg,  Nature,  1983,  Mir 
125-129) .  This  method  is  based  on  specific  interaction 
between  soluble  proteins  and  ligands  coupled  to  lipid 
molecules  and  incorporated  in  a  lipid  film  at  an  air- 
water  interface. 

In  order  to  understand  the  process  of  crystal 
formation  involved  in  this  technique,  we  have  carried  out 
a  systematic  analysis  of  parameters  involved  in  the 
formation  of  cholera  toxin  B-subunit  2-D  crystals  on  GNl- 
containing  lipid  films.  The  influence  of  concentrations 
of  protein  and  of  lipid  components,  as  well  as  of  the 
surface  pressure  have  been  analysed. 

These  results  have  been  used  to  obtain  2-D  crystals 
of  annezin  V,  a  Ca^^-dependent  phospholipid  binding 
protein.  The  projected  structure  of  annexin  V  at  20  A 
resolution  allows  to  resolve  four  domains  of  70  amino 
acids  per  molecule.  The  implication  of  these  results  will 
be  discussed. 
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ngrsioodiaiiical  prapcrtieii  af  Iwpatitia  B  peptide 
fregifte  et  m  mixiwttmr  end  Jipid/MMcer  incerfMe. 

M.  iL.  Alaioa*  |  F*  Rabanali  M.  A.  Busquets*  end  F.Reig. 
*PtUrsicoche«lcal  Departeent.  Faculty  Phareacy.  Iftiiversicy 
Barcelona.  Plaaa  Pius  XII.  08034.  Barcelona.  Spain. 

Peptide  Laboratory  .  Jordi  Girona  18*26.  08034  .Barcelona. 

The  developaent  of  the  iaeunogenic  response  is  a  conplex 
phenonenue  in  idiich  the  interactions  between  peptide  epitopes  and 
the  lipid  coaponents  of  the  eeabrane  play  an  iaportant  role,  at 
least  in  the  first  steps  of  the  recognition  process. 

In  the  present  paper  we  describe  the  interaction  of  four 
lipopeptides  derived  from  the  Pre  S  (120-145)  sequence  of  the  HBV 
with  DPPC,  PC,  PE,  PA,  PS,  PI,  DCP,  Sulphatides  and 
Sphiugonyelin. 

Parent  Peptide  Structure:  HQWNSTAIHQALQDPRVR6LYLPAGG  . 

Peptide  derivatives  contained  a  residue  of  Pans CSS-, 
Cholanoyl-  and  stearoyl-  residues  attached  to  their  aaino 
teminal  end.  These  chenical  nodifications  were  carried  out  in 
order  to  nodify  the  hydrophobicity  of  the  peptides  and  improve 
their  potential  antigenicity. 

The  interactions  have  been  studied  by  using  compression 
isotherms  of  monolayers  and  penetration  kinetics.  All  the 
peptides  showed  surface  activity  and  formed  stable  monolayers. 
The  monolayers  were  in  different  ordered  states,  throughout  the 
compression  process,  depending  on  the  peptide  derivative.  The 
area / molecule ,  the  surface  pressure  corresponding  to  the  phase 
changes  and  the  sMXimum  pressure  achieved  had  been  determined  and 
were  indicative  of  the  existence  of  different  conformations  (alfa 
helix  or  beta  structure)  depending  on  the  chemical  structure  of 
the  peptide  derivatives.  No  collapse  pressures  in  the  working 
conditions  were  observed. 

The  presence  of  these  peptides  under  a  monolayer  of  DPPC 
caused  an  expansion  in  the  area  occupied  per  molecule  and 
modified  the  (diase  change  of  the  DPPC.  The  shift  in  the  pressure- 
area  curve  of  the  i^osi^iolipid  gave  the  area  occupied  by  the 
peptide  present  at  Che  interface.  Nevertheless  ,  as  there  was 
only  a  small  shift  in  the  pressure-area  curve  at  high  surface 
pressures,  (me  can  asume  that  the  peptides  were  squeezed  out 
during  c<»iipres8ion . 
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TffO-DINlllSZONAI.  CRXSTAleLZZATION  OF  NUSCLK  PROTEZN  ACTZM 
BY  ADSORPTION  TO  CBAR6BD  Z.ZPZD  MONOZAYIR 

Akihiro  TQMIOKA.  Hans  O.RIBI*,  Taiji  FURUNO**, 

Hiroyuki  SASABE**,  Kenjiro  MIYANO  and  Takeyuki  WAKABAYASHI*** 

Department  of  Applied  Physics,  Faculty  of  Engineering, 
University  of  Tokyo,  Kongo  7-3-1,  Bunkyo-ku,  Tokyo,  Japan 
*  School  of  Medicine,  Stanford  University,  Stanford, 

CA94305,  USA 

**  Frontier  Research  Program,  RIKEN  Institute,  Hirosawa  2-1, 
Wako,  Saitama,  Japan 

***  Department  of  Physics, Faculty  of  Science,  University  of 
Tokyo,  Kongo  7-3-1,  Bunkyo-ku,  Tokyo,  Japan 

Two-dimensional  crystal  of  muscle  protein  actin  was  formed 
by  adsorption  to  charged  lipid  monolayer [1] .  Keys  to  the 
procedure  are:  (l)that  this  method  is  suitable  for  making  two- 
dimensional  crystal  becruse  it  utilizes  the  air/water 
interface,  and  (2) that  the  protein  preserves  its  physiological 
activity  because  it  remains  within  water  during  the  whole 
process.  Those  two  features  are  essential  for  constructing  a 
biochip . 

First  100  ^1  of  a  buffer  solution  (containing  10  mM  of 
KH2PO4/K2HPO4  (pK  7.4),  100  mM  KCl,  50  mM  MgCla,  0.2  mM  CaCl2, 
1  mM  ATP,  and  1  mM  ^-mercaptoethanol . )  was  put  into  each  well 
(6  mm  diameter,  2  mm  deep)  in  a  Teflon  plate.  A  slightly 
excessive  amount  of  phosphatidylcholine  +  stearylamine 
solubilized  in  chloroform  and  hexane  (50:50  in  vol/vol)  was 
placed  on  the  surface  of  the  buffer  solution  to  form  the  lipid 

monolayer.  F-actin  solution  (10  Jll)  was  subsequently  injected 
into  the  buffer  solution  using  a  micro-syringe.  Adsorption  was 
facilitated  by  electrostatic  attraction  between  the  negative 
surface  charge  of  actin  and  the  positive  charge  of  stearylamine 
incorporated  into  the  lipid  monolayer.  The  plate  was  placed  in 
a  sealed  Petri  dish  containing  water  to  keep  the  water  level  of 
buffer  solution  in  the  well  constant.  Crystallization  was 
promoted  by  use  of  highly  fluid  egg-yolk  phosphatidylcholine 
and  by  incubating  the  specimen  at  room  temperature  for  half  an 
hour.  The  proteln-stearylamine  complexes  are  expected  to 
migrate  within  the  two-dimensional  water  surface,  colliding 
more  frequently  to  grow  crystal  than  they  would  in  solution. 

Electron  microscopy  showed  that  larger  paracrystals  were 
obtained  more  rapidly  (30  min)  than  those  (several  days) 
obtained  in  solution [1],  indicating  the  usefulness  of  this 
adsorption  method. 

REFERENCES 
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THE  PROTEIN  CONCENTRATION  OF  IGG  MIXED  FILMS 
DEPOSITED  ON  WAVEGUIDES 
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ABSTRACT 

The  human  immunoglobulin  G  (IgG)  is  a  protein  antigen  which 
reacts  with  antibody  to  form  an  antigen-antibody  compound.  We  can 
produce  a  f luoro-immunosensor  by  immobilizing  the  IgG  on  the 
surface  of  an  optical  waveguide[l ] ,  and  the  LB  method  has  been 
expected  to  be  one  of  useful  immobilizing  methods[2].  In  this 
paper,  we  incoporated  the  IgG  in  subphase  into  the  DPPC  monolayer 
on  the  subphase  surface  and  measured  the  relative  eunount  of  IgG 
in  the  mixed  film  by  depositing  the  film  onto  quartz  waveguide, 
and  the  results  show  that  the  relation  betweem  the  amount  of  IgG 
penetrated  into  monolayer  and  the  concentration  of  protein  in 
subphase  conforms  to  Langmuir’s  adsorption  isotherm. 

The  IgG  solution  is  injected  into  the  subphase  underneath 
the  DPPC  monolayer  ,  and  the  change  in  surface  pressure  at 
constant  film  area  is  monitored.  The  surface  pressure  change  of 
the  mixed  monolayer  shows  a  good  linearity  with  the  IgG 
concentration  in  subphase  (Cp)  in  lower  Cp,  while  Cp>2ug/ml,  the 
slope  increases  gently  and  finally  attains  its  maximum  point 
(17mN/m  at  lOug  IgG  per  ml).  After  the  fixed  film  is  deposited 
on  the  waveguide,  a  dye  (FITC)  is  coupled  to  the  protein  surface. 
From  the  fluorescence  observation,  we  know  that  the  protein  in 
the  mixed  film  on  waveguide  surface  can  be  devided  into  at  least 
two  components,  one  is  the  protein  penetrated  into  the  film,  and 
the  other  is  the  adsorbed  protein  on  the  polar  head  of 
phospholipid.  When  Cp<10ug/ml,  there  may  exist  a  adsorbed 
monolayer  formation,  while  Cp>10ug/ml,  there  exists  a  multilayer 
protein  adsorbed  in  the  film.  But  the  number  of  penetrated 
protein  is  limited  by  the  energy  barrier  that  the  protein 
should  overcome  when  they  penetrate  into  the  film.  The 
relationship  between  the  amount  of  penetated  protein  and  the 
concentration  of  protein  in  subphase  conforms  to  the  Langmuir’s 
adorption  isotherm.  The  mixed  film  on  the  waveguide  surface  seems 
have  good  stability  during  the  experiment  time.  These  results 
show  the  feasibility  of  using  the  IgG  immobilized  LB  films  as 
sensing  membranes  for  biosensors. 


[IJ.  Bin  Lu,  Yu  Wei,  J.  Transduction  Tech.,  2(4) ,p28( 1989) 
[2].  M.Sriyudthsak , et  al ,  Thin  Solid  Films,  160, p463( 1988 ) 


IP19 


FACTORS  DETERMINING  STABILITY  OF  BACTERIOCHLOROPHYLL  MONOLAYERS 

L.  N.  Raser^  L.  L.  Thomas^  J..H.  Kim*.  T.  M.  Cotton^  and  R.  A.  Uphaus*:(l) 
Dept,  of  Chemistry  and  (2)  Ames  Laboratory,  DOE,  Iowa  State  University,  Ames, 
lA  USA  50011-0304. 

Study  of  bacteiiochlorophyll  £  (called  BChl  here)  in  monolayer  form 
requires  exact  knowledge  of  the  factors  which  may  affect  the  chemical 
stability  of  this  compound.  Because  BChl  is  more  reduced  than  the  more 
commonly  studied  chlorophyll -a,  potential  problems  arising  from  oxidative 
reactions  must  be  more  closely  apprehended.  Although  early  studies  of  BChl 
monolayers  by  Brody  indicated  that  BChl  was  readily  oxidized  to  e.  g.  a 
desvinyl  chlorophyll  derivative,  no  systematic  study  of  the  important  factors 
governing  BChl  has  yet  appeared. 

Spread  monolayers,  on  buffered,  monolayer  grade  water,  were  subjected 
to  a  variety  of  conditions  thought  important  for  the  chemical  integrity  of 
BChl.  The  effects  of  the  following  factors  were  studied:  Subphase  pH, 
oxygen  content  of  the  atmosphere  over  the  monolayer,  temperature,  light 
(fluorescent,  incandescent  actinic  and  safety  green)  and  the  influence  of 
antioxidants  both  dissolved  in  the  subphase  and  present  as  a  second  component 
of  the  monolayer  (ascorbyl  palmitate) .  BChl  monolayers  were  formed  by 
spreading  from  chloroform  solution  and  compressed  to  a  surface  pressure  of 
20  mN  m"  .  All  variables  were  held  constant  except  for  the  specific  one 
being  studied.  At  the  termination  of  an-  experiment  the  monolayer  was 
collapsed  by  compression  of  Teflon  barriers,  the  monolayer  collected  and 
subjected  to  high  performance  liquid  chromatography  (HPLC) . 

Under  conditions  in  which  maximum  decomposition  was  noted,  HPLC 
indicated  five  major  decomposition  products,  the  most  important  of  which  was 
2 '-desvinyl  chlorophyll-a.  Separated  decomposition  products  were  produced 
in  sufficient  quantities  to  allow  spectral  characterization  by  Raman 
spectroscopy,  which  provides  a  more  characteristic  identification  than  does 
adsorption  spectroscopy. 

It  was  found  that  decomposition  increased  progressively  with  increasing 
temperatures  (12*  to  40*).  Low  pH  conditions  favored  formation  of 
bacteriopheophytin  through  magnesium  removal.  Decomposition  was  maximal  in 
a  pure  oxygen  atmosphere,  minimal  in  a  nitrogen  atmosphere.  Highest 
stability  was  attained  in  complete  darkness,  and  maximum  decomposition 
occurred  with  irradiation  with  fluorescent  light  and  oxygen.  Greatly 
decreased  decomposition  took  place  with  irradiation  with  green  safety  light. 
The  presence  of  antioxidant  greatly  decreased  decomposition  rates  when 
present  either  dissolved  in  the  subphase  or  present  as  a  monolayer  component. 

Results  of  this  study  provide  an  accurate  experimental  basis  for  future 
monolayer  studies  using  bacterlochlorophylls. 
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CHEMICALLY  DRIVEN  PHASE  SEPARATION  IN  BLACK  LIPID 
MEMBRANES  AND  ITS  COUPLING  TO  MEMBRANE  FUNCTIONS 

Jurgen  Soinke  and  Wolfgang  Knoll 
Max  Planck  Institut  fdi  Polymerforschung,  6500  Mainz,  FRG 

The  understanding  of  order-function-relations  in  membranes  is  still  a  major 
challenge  in  membrane  research.  One  particular  aspect  concerns  the  coupling  of 
the  function  of  integral  proteins  to  the  transversal  and  lateral  organization  of  the 
lipids  in  a  bimolecular  matrix  composed  of  many  components. 

We  adress  this  question  by  studying  the  coupling  of  a  membrane  function  (the 
transport  of  Cs'^-ions  by  the  ionophore  gramicidin)  to  chemically  driven  phase 
changes  in  black  lipid  membranes  of  binary  lipid  mixtures. 

Lateral  phase  separation  in  the  membrane  could  be  induced  isothermally  by 
synthetic  polyelectrolytes,  as  peripheral  model  proteins.  This  was  shown  clearly 
1}y  a  bithodal  distribution  of  gramiddin  pores  with  different  conductivities  and 
mean  lifetimes. 

Another  effect  of  the  polymers  was  a  blocking  of  the  gramiddine  pores  through 
recharging  the  membrane  positivly.  This  depended  on  the  concentration, 
structure,  chain  length  and  charge  density  of  the  polyelectrolytes. 

Using  a  polymer  with  functional  groups  which  can  be  titrated,  one  can  switch 
between  a  homogeneous  mixed  membrane  and  a  phase  separated  state  also  by 
changing  the  pH. 

Finally  we  investigated  the  spediic  binding  of  avidin  to  biotinylated  lipids  in  a 
BLM.  Our  results  gave  a  first  indication,  that  under  certain  conditions  in 
connection  with  caldum  ions,  the  specific  binding  of  avidin  may  trigger  phase 
separations. 
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Hydrophobic  Salf-organisad  Structure : 

Radiation  of  tfaa  Catalytic  Activity  of  an  Bydroganasa  via 
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Growing  interest  in  electrodes  modified  by  immobilized 
enzymes  has  been  generated  by  their  importance  as  highly 
selective  surfaces  for  analytical,  electrosynthesis  or 
bioelectronic  applications.  Recently,  we  have  described  a  new 
way  to  produce  modified  electrodes  supporting  active  enzyme 
molecules  immobilized  in  a  self-organized  structure  (1)  . 
Glucose  oxidase  was  immobilized  on  a  bilayer  self-assembled  on 
a  porous  template  of  aluminium  oxide  coated  at  a  gold 
electrode.  The  outer  monolayer  of  the  assembly  was  an 
electroactive  amphiphile  able  to  carry  the  electron  between 
the  enzyme  catalytic  site  and  the  electrode  surface. 

To  Increase  our  knowledge  of  the  nature  of  interactions 
between  the  enzymes  and  this  artificial  bilayer  we  use,  in  the 
present  communication,  a  different  oxido-reductase  known  as 
relatively  hydrophobic  (but  water  soluble) ,  the  periplasmic 
hydrogenase  from  Desulfovibrio  Gigas.  Compared  to  an 
hydrophilic  enzyme  like  glucose  oxidase,  we  found  the  enzyme 
molecules  incorporated  inside  the  hydrophobic  part  of  the 
bilayer.  This  situation  represents  an  interesting  step  before 
the  Immobilization  of  membrane-bound  enzymes,  a  class  of 
hydrophobic  enzymes,  unusable  at  this  time  for  analytical 
devices . 

The  main  objective  of  this  communication  is  to  describe 
the  structure  of  the  bilayer  modified  by  incorporation  of  a 
relatively  hydrophobic  protein. 

A  second  goal  is  to  demonstrate,  both  by  potentiometrlc 
and  amperometrlc  methods,  the  high  efficiency  of  the  lateral 
diffusion  of  the  anqjhlphllic  mediator  leading  to  a  kinetic 
coupling  between  the  catalytic  activity  of  hydrogenase  and  the 
electrochemical  reaction. 


(1)  C.  BOURDILLON  and  M.  MAJDA.  J.  Am.  Ch«m.  Soc.1990,  112,  1795. 
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IMPROVEMENT  OF  ENZYMATIC  ACTIVITY  AND  LIFETIME 
OF  LB  FILMS  BY  USING  SUBMICRON  SIO2  PARTICLES 

F.Q.Tang  ,J.R.Li,  L  Jiang 

Institute  of  Photographic  Chemistry, Academia  Sinica, Beijing, China 

A  common  problem  often  being  tackled  in  work  on  chemical  sensor 
preparation, especially  in  the  case  of  biosensors,  is  the  lifetime.  We  have 
reported  the  application  of  Langmuir-Blodgett  technique  for  biosensor 
preparation  which  could  extend  the  response  region  of  glucose  concentration 
and  improve  the  life  time  of  biosensor  [1][2]. 

Inspite  of  numerous  work  on  biosensor[3][4],  improvement  in  the 
sensitivity  and  the  lifetime  of  biosensors  continues  to  be  a  main  goal  of 
investigation.  In  this  paper  it  has  been  reported  that  the  activity  and  lifetime  of 
glucose  oxidase  membrane  has  been  improved  by  introduction  of  submicron  Si02 
particles  with  diameter  of  ca.30  nm.  using  LB  technique.  A  new  method  for 
preparation  and  purification  of  submicron  SiOa  hydrophobic  particles  has  also 
been  developed.  Enzymatic  ability  measurement  of  immobilized  glucose 
oxidase(GOD)  have  been  conducted  by  meosuring  the  fading  of  indigo  camine 
dye  oxidized  by  H2O2  released  from  the  enzymatic  reaction.  Activity  of  GOD 
membrane  measurement  showed  that  the  ultrafine  hydrophobic  Si02  particles 
immobilized  in  LB  films  could  help  GOD  to  be  incorporated  into  films.  After 
incorporated  into  the  Si02-LB  film  GOD  retained  its  enzymatic  tivity.  On  top 
of  that,  because  of  its  firm  adsorption  on  the  Si02  particle  surface, GOD  activity 
per  area  of  membrane  increased.  The  life  time  of  GOD  in  the  Iipid-Si02  LB  film 
was  much  longer  than  in  that  without  Si02  particles.  (Table  1,11) 
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Bacteriorhodopsin(BR)  molecules  in  the  purple  membrane(PM)  are  orgonized 
into  a  two-dimentional  hexogonal  lattice  of  trimers  which  ore  surrounded  by 
about  30  lipid  molecules.  In  this  work,  purple  membrane  of  Haiobacterium 
holobium  has  been  introduced  into  LB  film  of  soybean  phospholipid  and  the 
orientation  of  bacteriorhodopsin  in  muitiioyer  LB  films  has  been  measured  by 
linear  dichroism.  Experimental  results  showed  that  bacteriorhodopsin  molecules 
had  a  preferential  orientation,  the  angi9{6)  between  the  film  plane  and  the 
transition  dipole  moment  of  retinal  chromophore  was  68.4®  which  is  close  to 
the  value  in  native  purple  membrane,  the  shape  and  peaks  position  of  PM 
LB  film  in  visible  absorption  spectra  and  FTIR  were  the  same  as  those  in 
native  PM  suspension. 

The  relative  amount  of  the  photocycle  intermediate  M412  of  PM  in 
multilayer  LB  film  was  determined  by  measuring  the  amplitude  of  flash-induced 
absorbance  changes  at  412  nm  with  a  single-kinetic  spectrophotometer. 
Light-induced  absorbance  changes  were  initiated  by  a  camera  photofiash  lamp 
(  0.2  ms  half-bandwidth)  with  appropriate  filter.  It  has  been  found  that  the 
M412  decay  rate  of  the  PM  fragment  In  LB  film  is  slower  than  that  in  the 
suspension  of  PM  fragment. 

The  photoresponse  of  PM  fragment  multilayer  LB  film  has  also  been 
investigated  with  flash  photolysis  method.  The  study  showed  that  not  only  at 
low  temperature,  but  also  at  room  temperature  could  be  formed  and  detected 
the  photocycle  intermediate.  Fig.1  shows  the  changes  of  photocycle  intermediate 
in  a  multilayer  PM  LB  film  at  a  relatively  longer  time,  providing  a  model  for 
investigation  of  the  primary  process  in  visual  exitation. 
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FUSION  OF  PHOSPHOLIPID  VESICLES  ON  SUPPORTED  MONOIAYERS: 

A  NEW  TECHNIQUE  TO  PREPARE  SUPPORTED  PLANAR  BILAYSRS. 

E.  Kalb*,  J.  Engel*,  S.  Frey*,  and  L.K.  Taimn^ 

*Dept.  of  Biophysical  Chemistry,  Biocenter,  University  of 
Basel,  CH-40S6  Basel,  Switzerland;  and  “Dept,  of  Physiology, 
University  of  Virginia,  Charlottesville,  Va.  22908,  USA 

In  recent  years,  single  supported  planar  bilayers  (SPBs) 
have  become  increasingly  popular  as  model  systems  for 
biological  membranes.  These  model  membranes  are  especially 
useful  for  studying  the  binding  of . macromolecules  by  total 
internal  reflection  fluorescence  microscopy  (TIRFM)  and  the 
lateral  diffusion  of  membrane  constituents  by  fluorescence 
recovery  after  photobleaching  <FRAP) .  Further,  these  membranes 
are  ideal  for  structural  studies,  for  device  fabrication 
(biosensors) ,  and  for  studies  of  cell-cell  and  cell-membrane 
Interactions. 

A  major  difficulty  of  the  previous  techniques  to  prepare 
SPBs  was  the  functional  reconstitution  of  integral  membrane 
proteins  into  the  planar  membranes,  since  proteins  which  in  a 
biological  membrane  are  laterally  mobile  became  immobilized  in 
SPBs.  Therefore,  we  investigated  the  fusion  of  unilamellar 
phospholipid  vesicles  on  quartz  slides  which  had  been  coated 
with  a  monolayer  of  l-palmitoyl-2-oleoyl-phosphatidylcholine 
(POPC) .  The  formation  of  the  second  phospholipid  monolayer  was 
followed  by  TIRFM  and  a  complete  bilayer  was  formed  after 
incubation  with  POPC  vesicles  (containing  0.2  mol%  NBD-eggPE) 
at  concentrations  as  low  as  25nM.  However,  rates  and  amounts 
of  fusion  are  highly  dependent  on  ionic  strenghts  and  divalent 
cation  concentrations  in  the  fusion  buffer.  Adsorbed  vesicles 
could  be  removed  by  washing  with  buffer.  Lateral  diffusion 
experiments  confirmed  that  extended  continuous  bilayers  had 
been  formed.  SPBs  prepared  by  the  new  monolayer-fusion 
technique  were  compared  to  SPBs  of  which  both  layers  were 
transfered  by  Langmuir-Blodgett  techniques.  Fluorescence 
intesities  were  usually  about  10-15%  lower  in  the  fused  SPBs. 
The  lateral  diffusion  coefficients  of  NBD-eggPE  were  Identical 
in  both  membranes  ( (3. 5+0. 5) *10“®  cm^/s] .  Preliminary  results 
indicate  that  about  50%  of  the  reconstituted  integral  membrane 
protein  cytochrome  be  isT  mobile  with  a  lateral  diffusion 
coefficent  of  about  2*10“®  cm^/s. 


IP25 


DEPOSITION  AND  X-RAY  SCATTERING  OF  DNA  CONTAINING  LB  FILMS 

V. Erokhin,  B.Popov\  B.Samorl^,  A.  Yakovlev 

Institute  of  Crystallography  USSR  Academy  of  Sciences 

hnst.Geochem.  and  Anal. Chem.  USSR  Acad. Scl. 

p 

Bologna  Uneverslty 

Thin  oriented  films  of  DNA  could  be  useful  for  biosensors 
based  on  the  complanar  binding  of  specific  pieces. 

In  this  work  LB  films  of  hexadecylamln  -  DNA  were  deposited 
to  solid  substrates  and  investigated  by  small-angle  X-ray 
scattering. 

Hexadecylamln  monolayer  was  compressed  to  the  surface 
pressure  7C=25  mN/m.  DNA  solution  was  injected  under  the  monolayer. 
The  resulting  consentratlon  was  c=10“^  mg/ral.  The  interaction  was 
done  during  1  hour.  The  film  was  deposited  to  a  substrate  by 
horizontal  lift  technique. 

X-ray  measurements  have  indicated  a  lamelar  structure  with  a 
spacing  D=60.5  A.  The  spacing  corresponds  to  the  amin  bilayer 
thickness  (40  A)  plus  DNA  dlametre  (20  A). 
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STRUCTURE  AND  PHOTOELECTRIC  PROPERTIES  OP  LB-PILMS  BASED 

ON  BACTERIORHODOPSIN 

A.V.Maximychev.  S.K.Chamorovdty,  V.I.Paaov,  E.A.Pedocov, 

N.G.RamUdi 

International  Research  Institute  for  Manag^nent  Sciences 
USSR  117312  Moscow,  Prospekt  6(Met  Octyabria,  9; 

Moscow  State  University 

Ordered  mono-  and  multilayer  films  consist  of  1-75  or  ^proximately  1000 
layers  were  fabricated  from  purple  monbranes  (PM)  of  Halobacterium 
halobiiun  by  Langmuir  and  electroeedimentaritm  techniques,  respectivdy. 
PM  monolayers  formed  from  hexan  suspension  on  the  air/water  interface  were 
deposited  biito  different  sohd  supports.  Circular  dichroiam  and  kinetic  absorption 
spectroskopy  were  used  to  investigate  the  effect  of  orgunic  solvents  on  chromophore 
structure  and  functional  properties  of  bacteriorhodopsin  (BR). 

PM  monolayers  oriented  with  it's  cytoplasmic  side  to  the  support  were 
prepared  by  making  use  of  LB-technique  and  PM  mondayers  with  opposite 
orientation  to  the  support  -  by  Langmuir-Siefer  method.  The  lattice  spacing  and 
longHrange  ordering  cwrdation  were  measured  using  a  small  an^e  X-nray  analysis. 
Specific  structure  features  of  PM  monolayers  falmcated  by  Langmuir— Blodgett 
and  Langmuir-Shefer  techniques  were  investi^ed  by  scanning  tunneling 
microscopy  (STM).  STM  was  used  to  characterise  the  PM  surfrice  structure  in  LB 
monolayen  as  well  as  local  conductivity  prc^erties  and  types  of  the  structure  . 
defects.  The  resalts  of  STM  study  PM  surface  structure  are  mmpared  to  the 
resalts  of  similar  study  obtained  by  atomic  force  micrascq>y. 

The  specific  photoelectrical  activities  as  estimated  per  one  BR  monolayer 
for  LB  ('  0.4  mV/monolayer)  and  electrodeposited  (  5  mV/moimlayer) 

preparations  are  c<»npared.  The  possible  iq)idications  of  oriented  BR  structures  in 
information  processing  ^sterns  as  well  as  techntdogical  aq)ect8  of  their  fal»ici^ion 
are  discussed. 
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CONDUCTIVITY  IN  SPREAD  LIPID  MONOLAYERS 

C.  Mingotaud,  A.-F.  Mingotaud,  and  L.K.  Patterson 
The  Radiation  Laboratory  and  Dept,  of  Chemistry 
University  of  Notre  Dame,  Notre  Dame,  Indiana  465S6,  U.S.A. 


The  literature  provides  conflicting  data  concerning  the  effects  of  spread 
monolayers  on  measurement  of  electrical  conductivity  in  the  sir-water  interfa- 
cial  region.  The  dependence  of  such  conductivity  on  several  monolayer 
parameters—lipid  type,  surface  pressure,  subphase  composition—  has  b^n 
investigated  here  to  elucidate  the  mechanisms  by  which  spread  monolayen 
may  affect  ion  mobility  near  the  water  surface.  Utilising  an  AC  bridge  at 
1600  He  and  rigorous  control  of  water  levels  throughout  the  period  of  meas¬ 
urement,  conductivity  changes  have  been  determined  for  a  series  of  lipids 
which  differ  from  one  another  principally  by  the  characteristics  of  their  head- 
groups.  Lipids  used  have  been  predominantly  those  which  do  not  undergo 
phase  transitions  short  of  their  collapse  point.  These  compounds  include: 
Dioleoylphosphatidylglycerol,  (DPG),  which  bears  a  negative  charge;  Dioleoyl 
l-(N-(trimethyiammonium  propyl)|carbamoyIglycerol,  (DOCA),  a  positively 
charged  lipid;  DioleoyiphosphatidylchoKne,  (DOL),  which  is  switterionic.  For 
reference,  conductivity  has  been  measured  with  dioleoylglycerol,  a  compound 
bearing  no  charge.  In  addition  to  lipids,  several  metal  bearing  surface  active 
phthalocyanines  have  also  been  investigated. 


In  order  to  describe  conductivity  changes  in  these  systems,  the  following 
relationship  has  been  utilised: 


Pp  = 


(1) 


where  Gp  is  the  conductivity  taken  at  surface  pressure  P  and  G31  is  the  con¬ 
ductivity  measured  at  the  reference  point  of  35  dyne/cm. 

It  has  been  shown  that  in  ail  cases  the  measured  conductivity  decreases 
with  increasing  lipid  surface  pressure,  indicating  an  inhibiting  effect  on  ion 
mobilities.  However,  this  behavior  is  markedly  dependent  upon  the  type  of 
lipid  employed,  with  the  positively  charged  species  exhibiting  the  smallest 
change  and  the  phthalocyanines  the  largest.  For  DOL  and  DOG  alterations  of 
about  2.5%  are  observed  over  the  range  of  compression  while  1.5%  was 
obtained  with  DOG  and  0.8%  with  DOCA.  Very  much  higher  numbers  (6- 
10%)  were  found  for  Zn  and  A1  phthalocyanines.  Consistent  with  previous 
photophysical  measurements,  irreproducible  values  were  observed  in  the  pres¬ 
sure  region  below  10  dyne/cm  for  most  systems,  while  above  this  point  values 
of  Pp  were  well  behaved. 

These  results  are  interpreted  in  terms  of  layer  organisation,  the  mobility 
of  ions,  principally  HsO*^  or  OH~,  and  characteristics  of  the  electrode-water 
interface. 


Molecular  recognition, 
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Surface  Modification  and  Functionalization  of  Gold 
by  Sulfur-Containing  Polymerizable  and  Polymeric 

Monolayers 

Masazo  NIWA  and  Nobuyiiki  HIGASHI 

Department  of  Applied  Chemistry,  Faculty  of  Engineering, 
Dosbisba  University,  Kamikyo-ku,  Kyoto  602  Japan 


The  recent  interest  in  self-assembled  monolayer  systems  st«ns  from  a 
recognition  of  the  potential  for  their  use  in  detailed  studies  of  surface-function 
relationships  at  the  solid-liquid  interface.  Ibe  monolayers  prq)ared  from  the 
sulfur-containing  species,  sudb  as  thiols  and  disulfides,  at  gold  surface  have 
been  especially  well  studied  because  of  their  tendency  toward  forming 
monolayers  with  well-defined  structures.  In  this  paper,  preparations  of  a 
variety  of  polymerizable  and  polymeric  monolayers  on  gold  electrode  and 
their  electrochemical  properties  are  described. 

Photopolvmerization  of  monolayers  1  The  photopolymerization  at  a 
spontaneously-assembled  polymerizable  monolayer  (1)  on  gold  could  be  traced 
electrochemically  by  using  FeCCN)^^*  as  an  electroactive  species  and  was  suc¬ 
cessfully  carried  out  in  the  presence  of  a  photoinitiator  (2)  fixed  near  poly¬ 
merizable  groups,  but  not  in  *  e  absence  of  2. 

Polymeric  monolayers  Two  types  of  the  polymeric  monolayer  were 
prepared  on  gold  surface.  One  of  them  is  a  polyfmcthactylic  acidX3)  or 
polyCL-glutamic  acidX4)  carrying  a  thiol  group  at  one  terminus  of  the  poly¬ 
mer  chain.  The  pH-induced  conformational  transitions  were  observed  for  both 
adsorbed  monolayers  as  an  electrochonical  information.  The  another  poly¬ 
meric  monolayer  is  a  polyion  complex  (5)  bearing  pendent  thiol  groups.  A 
mechanism  and  influences  of  the  chemical  structures  of  these  complexes  for 
electrical  responses  are  discussed. 
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1  N.  Higashi,  T  .Mori,  M.  Niwa,  J.Qwm.Soc.,  Cbem.C(mimun.,  1990, 225 
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Control  of  Reactivity  of  Adsorbed  Monoaolecular  Films  from 
Polydiacetylene  Derivatives  to  Energy  Beams 

Norihisa  Mino.  Kazufumi  Ogawa,  and  Motoyoshi  Hatada* 

Central  Research  LabSi  Matsushita  Electric  Industrial  Co.,  Ltd. 
^  3-1 5 f  Yagufflo-Nakamachi,  Moriguchi,  Osaka,  570,  Japan 
Osaka  Laboratory,  Japan  Atomic  Energy  Research  Institute 
25-1)  Mii-Minamimachi,  Neyagava,  Osaka,  572,  Japan 


Reactivity  depending  on  molecular  arrangement  or  density  to  energy 
beams  such  as  ultra-violet  (UV)  light  or  electron  beam  (EB)  has  been  inves¬ 
tigated  on  chemically  adsorbed  (CA)  films  having  diacetylenic  (DA)  bonds. 

Materials  used  for  the  CA  films  were  18,20-Heneicosadiynoxytrichloro- 
silane  (18-DATS),  7,9-Tetradecadiynyloxypropyltrichlorosilane  (7- DATS),  and 
Propyl trichlorosilane  (PTS). 

The  CA  films  were  deposited  on  silicondioxide/aluminum/silicon  sub¬ 
strates  by  using  the  CA  technique  already  recommended  by  Netzer ' '  at  dif¬ 
ferent  composition  ratios  of  the  mixture  of  the  surfactants  (18-DATS  and 
PTS  or  7-DATS  and  PTS)  in  a  nonaquaous  CA  solution.  The  photo-refictivity 
of  the  CA  films  from  the  DA  derivatives  to  the  UV  light  (50  uW/cm^  at  365 
nm)  was  measured  by  a  multichannel  UV- visible  spectrophotometer. 

On  the  polymerized  CA  films  from  the  mixture  of  18-DATS  and  PTS  (4:1) 
by  the  UV  irradiation,  two  absorption  peaks  appeared  at  about  560  nm  (red) 
and  675  nm  (blue).  On  the  polymerized  CA  films  from  the  other  different 
mixtures  (6:1  and  8:1),  one  absorption  peak  appeared  at  about  560  nm.  The 
CA  film  from  18-DATS  did  not  react  by  the  UV  light  irradiation  at  all. 
The  CA  films  from  pure  18-DATS  or  the  mixture  of  18-DATS  and  PTS  (2:1  and 
1:1)  did  not  react  by  the  UV  light  irradiation. 

On  the  other  hand,  on  the  polymerized  CA  film  from  the  mixture  of  7- 
DATS  and  PTS  (2:1),  two  absorption  peaks  appeared  at  about  550  and  675  nm. 
The  CA  films  from  pure  7-DATS  or  the  mixture  of  7-DATS  and  PTS  (1:1)  did 
not  react  by  the  UV  light  irradiation.  Both  the  CA  films  from  the  mixture 
of  7-DATS  and  PTS  (3:1  and  4j1)  had  one  absorption  peak  at  about  550  nm. 

The  reason  for  the  preparation  of  the  blue  and  red  films  may  be  ex¬ 
plained  as  follows.  On  the  blue  film  from  18-DATS  and  PTS  (4:1 )»  as  the 
length  of  PTS  molecule  is  very  short  relative  to  that  of  the  18-DATS 
molecules,  one  vacancy  is  formed  to  the  four  18-DATS  molecules  near  the  DA 
group.  Thus,  the  occupied  area  of  DA  group  increased  and  became  29  A*^.  On 
the  other  hand,  on  the  red  films  (6:1  and  8:1),  tl:«  density  of  a  DA  group 
in  the  18-DATS  was  estimated  to  be  ca.  27  and  26  A*,  respectively.  We  had 
reported  the  photopolymerization  mechanism  of  Langmuir  films  having  DA 
bonds^',  in  which  a  blue  film  was  produced  at  molecular  area  of  about  29  A^ 
and  a  red  film  was  produced  at  molecular  area  of  about  27  A*.  These 
results  were  similar  to  those  obtained  in  the  previous  report.  On  the  CA 
films  from  the  mixture  of  7-DATS  and  PTS,  the  preparation  of  the  blue  and 
red  film  nay  be  explained  by  the  same  reasons  mentioned  above. 

In  conclusions,  we  have  prepared  some  CA  films  from  DA  derivatives. 
By  changing  the  molecular  area  of  the  DA  molecules,  photoreactivity  of  the 
films  waa  controlled,  and  the  blue  and/or  red  films  were  obtained. 

On  the  blue  and/or  red  films  made  from  the  different  mixtures  the 
molecular  area  of  the  DA  molecules  in  the  CA  films  obtained  are  similar  to 
those  calculated  on  L  films.  The  other  results  obtained  by  EB  irradiation 
will  be  presented  at  the  conference. 

(1)  L. Netzer,  and  J.Sagiv,  J. Am. Chem.Soc. .105.674(1983). 

(2)  H.Tamura,  N.Mino,  and  K. Ogawa,  Thin  Solid  Films. 179. 33 (1989) . 
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Steric  and  electrostatic  aspects  of  antibody  binding  to 

HAPTEN  FUNCTIONALIZED  LIPID  MONOLAYERS 
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Germany 


The  binding  of  an  antibody  to  membrane-bound  haptens  depends  critically 
on  the  relative  geometric  arrangement  of  the  hapten  and  the  membrane,  and  on 
electrostatic  interactions.  In  order  to  characterize  the  requirements  for  specific 
binding,  the  membrane  surface  and  the  position  of  a  hapten  with  respect  to  the 
interface  was  systematically  varied.  For  this  study  a  number  of  DNP-haptens 
were  synthesized  with  spacer  groups  of  different  lengths  (0  to  10  A)  between  the 
epitope  and  a  membrane-anchoring  fatty  acid.  The  binding  of  labeled  anti-DNP- 
antibodies  to  hapten  doped  (2  mol%)  lipid  monolayers  was  studied  by  means,  of 
fluorescence  miaoscopy  at  the  air /water  interface. 

With  monolayers  of  DMPC,  unspecific  antibody  adsorption  is  shown  to  pre¬ 
dominate  over  specific  binding  due  to  electrostatic  interactions.  The  adsorption  is 
reversibly  reduced  by  compressing  the  monolayer  to  lateral  pressures  above  tc  = 
10  mN/m.  On  account  of  the  bulky  choline  head  group,  the  minimum  spacer 
length  which  is  required  for  specific  antibody  binding  to  ocoir  is,  d  =  10  A.  Still,  at 
high  surface  pressures  (tc  >  20  mN/m),  the  bound  antibody  is  detached  because  of 
steric  interference  with  the  lipid  head  groups. 

No  unspecific  binding  is  observed  to  hapten  doped  monolayers  of  choles¬ 
terol,  which  carries  a  small  dipole  moment  and  presents  a  small  hydrophilic  part 
to  the  aqueous  phase.  As  the  spacer  length  on  the  hapten  is  inaeased  the  epitope 
protrudes  more  deeply  into  the  water  subphase  and  binds  progressively  better  to 
the  antibody.  Two-dimensional  phase  separation  is  observed  in  the  system  of 
protein-bound  hapten  and  cholesterol. 

At  low  7t,  mixed  hapten  doped  monolayers  of  cholesterol  and  DMPC  sepa¬ 
rate  into  two  fluid  phases  with  preferential  antibody  binding  to  the  cholesterol- 
enriched  phase.  For  n  >  7.5  mN/m  the  coiistituents  of  the  monolayer  mix  homo¬ 
geneously  and  neither  specific  nor  tmspedfic  binding  is  observed.  This  is,  again, 
attributed  to  steric  hindrance  by  the  large  choline  head  groups  and  to  fixe  reduced 
electrostatic  interaction  of  the  protein  with  the  interface. 
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LANGMUIR-BLODGETT  FILMS  OF  PHOTODYNAMIC  STREPTAVIDIN 
CONJUGATED  PHYCOERYTHRIN  BOUND  TO  BIOTINYLATED  UPID 

MONOUYERS 

t  Samuelson*.  P.  Miller+,  D.  Galottl,  K.A.  Marx,  J.  Kumar+,  S.  Tripathy, 
and  D.  Kaplan*;  *  Biotechnology  Branch,  U.S.  Army  Natick  Labs,  Natick, 
MA  01760;  Depts.  of  Chemistry  and  -^Physics,  University  of  Lowell, 
Lowell,  MA  01854. 

The  Langmuir-Blodgett  technique  has  been  used  to  simultaneously 
orient  and  couple  the  photodynamic  "antennae”  protein,  phycoerythrin, 
to  a  biotin  derivatized  phospholipid  monolayer  film.  Phycoerythrin  is  a 
highly  pigmented,  intensely  fluorescent  but  water  soluble  protein  and 
thus  required  modification  of  the  traditional  Langmuir-Blodgett 
technique  for  monolayer  preparation.  Our  approach  has  Involved 
utilization  of  the  well  known,  highly  specific,  and  nearly  irreversible, 
streptavidin-biotin  complexation.  Biotinylated  phospholipid 
monolayers  were  prepared  at  the  air-water  interface  and  streptavidin 
conjugated  phycoerythrin  was  then  Injected  into  the  subphase. 

The  streptavidin  conjugated  phycoerythrin  was  found  to 
preferentially  adsorb  to  the  biotinylated  monolayers  while  at  the  air- 
water  interface.  Pressure-area  isotherms  indicated  that  oriented 
monolayer  films  are  formed  with  the  hydrophilic  biotin  containing  head 
groups  exposed  to  the  four  biotin  binding  sites  on  the  streptavidin 
conjugated  proteins.  An  increase  in  surface  pressure  at  expanded  areas 
indicated  protein  adsorption  to  the  monolayer.  The  binding  of  protein 
was  confirmed  by  transferring  the  monolayers  to  solid  supports  and 
probing  the  characteristic  phycoerythrin  fluorescence  at  576  nm.  The 
samples  were  excited  with  496  nm  light  and  then  scanned  from  515  to 
670  nm  for  the  emission  signal.  It  was  determined  that  the 
streptavidin  conjugated  phycoerythrin  binds  by  what  appears  to  be  only 
a  specific  (biotin-streptavidin)  mechanism. 

An  extension  of  this  work  has  included  mixture  of  these  biotinylated 
monolayers  with  conducting  polymerized  surfactant  systems  in  an 
attempt  to  enhance  the  mechanical  integrity  of  the  films  and  elicit 
novel  electronic  and  optical  properties.  These  results  suggest  a 
perfectly  general  technology  for  the  two-dimensional  ordering  of  water 
soluble  protein  monolayers  with  potential  bioeiectronic,  optical  and 
protein  structure  research  applications. 
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Molecular  Arrangements  of  Liquid  Crystal 
on  Langmulr-Blodgett  Monolayers  and  In  Langmulr-Blodgett  Multilayers 

JiyuFang*  Yu  K'ei*  Zhengmin  Sun*  * 

*  Laboratory  of  M oUcular  and  Btomolecular  Electronics, 

Southeast  University.  Nanjing,  210018,  China. 

*  *  Laboratory  of  Solid  State  Mierostructures 
Nanjing  University.  Nanfing,  210008,  China. 

Liquid  crystal  compounds  have  been  attracting  attention  in  display  devices, 
optoelectronic  devices  and  physical  investigations.  However,  one  of  the  most  improtani 
problems  with  these  materials  is  controlling  molecular  arrangements.  For  this  purpose,  va¬ 
rious  techniques  have  been  deviscd(1-2).  Recently.  There  has  been  much  interest  in  the 
control  of  molecular  arrangement  and  packing  of  liquid  crystal  by  LB  technique(3-S).  In 
this  work,  we  investigated  the  alignment  of  liquid  crystal  molecu]es(8CB)  on  DPPC  LB 
monolayers  with  varions  packing  densities  and  the  aggregation  states  of  liquid  crystal  mole¬ 
cules  (8CB)  in  multilayers  by  mixing  with  strearic  acid  as  the  supporting  matrix. 

Alignment  properties  of  liquid  crystal  on  DPPC  monolayers  strongly  depend  on  the 
surface  pressure  of  DPPC  monolayers.  At  the  surface  pressure  of  SmNm~',  10mNm~'  and 
ISmNm''.  The  molecules  of  liquid  crystal  align  pendicular  to  the  surface  of  monolayer, 
when  the  surface  pressure  is  over  lOmNm"',  the  homeotropic  alignment  of  liquid  crystal 
lose.  A  possibe  mechanism  has  been  proposed  to  account  for  the  alignment  properties. 

In  mixed  multilayers,  many  crystalline  domains  are  observed.  These  domains  are  ag¬ 
gregates  of  liquid  crystal  molecules  in  the  multilayers.  The  size  and  the  density  of  the  do¬ 
mains  increase  with  the  numble  of  deposition.  Uv-visible  absorption  spectra  shows  that  the 
absorption  band  of  the  multilayers  shifts  about  60mm  from  the  monomer  band  of  liquid 
crystal  in  chloroform  solution.:  This  implies  formation  of  aggregates  in  the  multilayers.. 
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ULTRAXHIN  ORGANIC  FILMS  ON  GOLD 
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Abstract 

Spontaneous  formation  of  ordered  organic  films  can  be  achieved  by 
the  self-assendsly  technigi».  In  contrast  to  conventional 
Lamgmuir-Blodgett  techniqpie  self-assembly  methods  allow  rapid  film 
formation.  Therefore,  this  technique  is  of  interest  for  potential 
industrial  applications.  For  many  practical  applications  of 
ultrathin  organic  films  mecdianical  and  thermal  stability  is 
mandate:^.  To  stabilize  the  films  on  the  substrate  chemical  bonding 
is  required.  To  this  end  we  synthesized  numerous  disulfides  1  and 
thiols  2  with  functioned  termined  groups  and  investigated  their 
chemisorption  on  polycrystalline  gold  surfaces. 


1  :  R-(ai2  )n"S"S-(CH2  )„-R  n  *  10,11 


R  =  NH2 ,  OH,  Br,  COOH,  COONa,  COO-(CH2 )3 -COOH,  COOEt, 
N-Phthalimidyl,  CH3 

2  :  HS-(CH2)n-R  n  =  10,11  R  =  OH,  COOH,  CH^CHj  ,  CHj 

Spontaneous  formation  of  a  monolayer  occurs  by  dipping  the  gold 
substrate  in  a  solution  of  the  thiol  or  disulfide.  Film 
formation  makes  use  of  the  strong  preference  of  the  sulfur 
containing  group  to  bind  to  the  gold  surface  as  compared  to  the 
other  functional  groups.  The  properties  of  surfaces  modified  in 
this  way  such  as  chemical  reactivity,  hydrophilicity  and 
wettability  are  mainly  determined  by  the  terminal  groups. 
Self-assembled  monolayers  of  thiols  and  disulfides  on  gold  are 
stable  up  to  ISO*  and  can  not  be  washed  off  by  rinsing  with 
excess  solvent.  On  silver  surfaces  similar  results  are 
obtained. 


The  terminal  functional  groups  (i.e.  OH,  NH2 ,  COOH)  of  the 
first  monolayer  allow  the  build-up  of  a  second  monolayer.  We 
applied  esterification  and  amide  formation  to  self-assembled 
monolayers  in  order  to  build  up  multilayer  structures.  Hydroxyl 
groups  could  be  reacted  with  cyclic  anhydrides  forming  an  ester 
bond  and  a  new  terminal  acid  group  simultaneously. 
Transformation  of  the  acid  groups  to  acid  chlorides  and 
reaction  with  stearylamine  led  to  the  third  monolayer.  The  long 
alkyl  chain  of  stearylamine  creates  a  new  hydrophobic  surface. 
Simple  immersion  of  the  acid  terminated  surface  in  a  solution 
of  stearylamine  results  only  in  partial  salt  formation  as 
indicated  by  lower  contact  angle  as  compared  with  the  amide 
modified  surface  described  above. 


We  have  investigated  the  self-assembled  mono-  and  multilayers 
by  averaging  methods  suchs  as  contact  angle  measurements  and 
reflection  infrared  spectroscopy,  as  well  as  local  methods  such 
as  scanning  tunneling  and  scanning  force  microscopy. 
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We  have  examined  the  etructuxae  a£  IB  fllw  of  en|ti4Mllc 
cyclodextxins  (CDs),  and  fPMj^  that  vaxicus  aaohanaene  noleculeB  axe 
inoorpoxated  in  the  filma.^'''^)  Among  others,  axofaensene  molecules  in 
the  films  show  a  reversible  cis-txans  EhotoiacasHri  sation,  indicating 
the  feasibility  of  the  IB  films  of  this  t^pe  as  optical  msmoxy 
devioes.^'^)  Ihese  IB  fibos  axe  prepared  fcy  qpeeadihg  chlcrofom 
solutions  of  equimolar  mixtures  of  allylaminD  derivatives  of  CDs  and 
azobensene  derivatives  on  a  eater  sur&ioe.  In  this  q^etam,  hoMsver, 
the  amount  of  azobenzene  molecules  Inoorporatad  in  the  film  depends  on 
the  structures  of  both  CD  and  azcbensene  derevatives.  bi  other  eoxds, 
the  quantity  of  azobenzene  moleculee  inoaxporated  in  the  films  can 
msasure  tha  intexacticn  betMsen  the  two.  Ihis  {sovides  us  with  a 
means  of  molecular  raoognlticn. 

In  this  study,  the  poesihilities  are  axamined  to  use  anphiphilic 
qfclodextrins  (Fig.  1)  for  molecular  xeoo^tion  of  o-,  m>,  and  p- 
isomers  of  azobenzene  derivatives  without  alkyl  chains  (Fig.  2).  Ihe 
anxxmt  of  azobenzene  derivative  inoarpozated  in  the  resultant  IB  film 
was  detennined  etpactrosoopioally  by  dissolving  the  IB  films  into 
methanol.  The  amount  inooxporated  depends  both  on  the  size  of  the 
cavity  of  CD  euid  on  the  moleculeu:  structure  of  the  azobenzene 
derivative. 


H2N-©-N  =  N-^ 


COOH 


re>®6i  o-CD 
n=7:  fi~CD 
n»8*  7-CD 

Fig.  1.  Molecular  structures 
of  CDs. 


ortho  isomer:  o^ 
mats  iacner:  m-lSl 
pars  isomer:  p-NR 

Fig.  2.  Molecular  structures 
of  azobenzene  derivatives. 
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Dimensional  Organintkm 
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ABSTRACT 

Monolayers  were  formed  fitnn  molecules  having  large  in-pIane  dipole  moments 
[CH3-(CH2)„-S02-(CH2)m-5Ki.  It  was  found  that  the  incorporation  of  the 
sulfone  group  s&xmgly  affected  die  molecular  conftmnatitHi  within  die  monolayer. 
The  effect  of  varying  die  posidtm  of  the  sulftme  group  in  these  molecules,  while 
maintaining  constant  molecular  length,  was  studied  and  the  results  compared  to 
those  found  for  a  octadecylethaniol  (CH3-(CH2)i7-SH,  ODT). 

The  effect  of  incorporating  polar  aromadc  groups  into  self-assembled  alkanethiol 
monolayers  was  studied  using  the  series: 

CH3 

I 

(OT2U1 
X 

0 

o 

CfHj). 

SH 

A  variety  of  techniques  including  ellipsometry,  wetting,  reflectimi-absorpdon 
FTIR,  surface  (cmitact)  potendal,  surface  enhanced  Raman  spectroscopy  (SERS), 
and  XES  were  used  to  characterize  these  monolayers.  In  both  sraes,  the  quality  of 
the  monolayers  was  found  to  be  dependent  on  the  length  of  the  aliphadc  chain 
above  the  polar  group. 
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Wettability  of  Heterogeneous  Surfaces:  Experimental  and 
Theoretical  Results  for  Mixed  Alkanethicd  Monolayers  on  Gold 
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ABSTRACT 

Wettability  studies  of  mixed  monolayers  containing  hydrophobic  (OH)  and 
hydrophilic  (CH3)  terminal  groups  are  discussed.  We  are  reporting  the  first 
observation  of  an  apparent  concentration-driven  transition  in  the  ctmtact  angles  of 
liquids  on  mixed  monolayers.  It  is  suggested  that  this  phemxnenon  is  due  to  a 
possible  (true  or  rounded)  surface  phare  transition,  resulting  in  the  formation  of  a 
prewetting  water  lay^.  This  formation  is  triggored  by  variations  in  the  quenched 
distribution  of  random  surface  fields. 

The  current  treatment  of  wettability  of  heterogeneous  surfaces  is  discussed.  It 
is  suggested  that  this  treatment  represents  concentration-weighted  interpolation 
between  two  extremes.  Thus,  once  those  two  extremes  are  fixed,  environmental 
parameters,  such  as  temperature  and  relative  humidity,  play  no  role  in  the 
interpolation.  A  new  way  of  calculating  the  wettabili^  of  heterogeneous  surfaces 
is  presented,  based  on  a  proper  statistical  mechanics  mediods.  These  involve  the 
thermal  average  of  the  related  partition  functions  at  each  fixed  configuration  of 
surface  functionalities  and  not  (Xily  a  the  two  extreme  cases  corresponding  to  the 
homogeneous  surfaces.  Subsequently,  a  quenched  average  of  the  resulting 
interfacial  free  energies,  relative  to  a  frozen  probability  distribution  of  those 
surface  functionalities,  is  perfonned. 


^Current  Address:  Department  of  Physics,  University  of  Leeds,  LS2  9JT,  United 
Kingdom. 
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SURFACE-PLASMON  STUDIES  OF  SPECIFIC  RECOGNITION  REACTIONS 
AT  SELF-ASSEMBLED  MONOLAYERS  ON  GOLD 
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tMax— Planck-Institut  fur  Polymerforschung 
Ackermannweg  10 
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•Joh.-Gutenberg  Univeisitat  Mainz 
Institut  fur  organische  Chemie 
J.-J.  Becherweg  18-20 
D-6500  Mainz 

Surface-Plasmon  spectroscopy  and  microscopy  provides  a  powerful  method  for 
studies  of  interfacial  phenomena.  With  a  high  sensitivity  for  subtle  thickness 
changes  of  the  surface  geometry  and  without  the  need  for  labeling  (  e.g. 
fluorescence  )  the  target  molecules,  this  novel  technique  offers  certain  advantages 
for  investigations  of  molecular  recognition  reactions  at  interfaces. 

As  a  modell  system  for  biological  receptor-^gand  pairs  we  used  the  well  known 
Biotin-Streptavidin  system.  These  molecules  show  a  specific  and  strong 
(_Kqi_~10’*5  m  )  binding  and  can  be  chemically  modified  in  various  ways,  e.g.. 
Biotin  bond  to  alkanethiols.  Alkanethiols  (besides  disulfides  and  thioethers )  were 
shown  recently  to  form  very  stable  monolayers  at  gold  surfaces,  (  because  of  the 
strong  Au-S__bond. 

Due  to  the  defined  molecular  geometry  of  such  an  ultrathin  organic  film,  further 
adsorption  processes  can  be  performed.  Especially  in  the  case  of  specific  attached 
Streptavidin,  free  binding  sites  are  still  exposed  to  the  surrounding  medium 
(_because  of  the  four-fold  symmetry  of  the  molecule  ).  This  offers  the  very 
interesting  perspective  of  attaching  further  layers  of  (various  )  biotinylated 
molecides  and  by  this  a  specific  functionalizing  of  an  interface. 
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ORlQirBS  OKSTALLIZATIGN  AND  NONLINEAR  OPTICS  :  TOOLS  FOR  SIUDVINS 
STRUdURAL  CHANGES  OF  AMPHIPHILIC  MOLECULES  AT  INIBREACES. 
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TVo  Independent  tecbniques,  orianbed  crystallization  and  seocnd 
hazncnlc  generation  techniques  Mare  used  to  probe  the  eodstenoe  of 
ordered  aggregates  of  anphiphilic  noleculee  at  atr^-aolution  interfaces 
fican  Which  the  crystal  nucleaticn  of  suitable  scdutes  can  start.  The 
sloong  interactions  between  the  solute  molecules  in  the  solution  and  the 
surface  aggregates  lead  to  changes  in  the  latter  as  oonpared  to  their 
presuned  structure  at  the  air-pure  water  interface. 

In  this  study  we  report  the  results  of  the  oriented  crystallization  of 
the  4-hydrQKybenzolc  acid  monohydrale  (HBA)  at  the  adutlonrair  interface 
as  induced  fay  insoluble  4-alkaaq^,  4-acvlOQcy>,  and  4-allqflanilnbbenzolc 
acid  molecules  used  in  the  form  of  Langmuir  films.  Spreading  such 
molecules  on  a  HBA  si^mrsaturated  solution  induces  fast  nucleation  of  HBA 
crystals  attached  at  the  interface  with  their  newly  dafveloped  (401)  face. 
Based  on  the  analysis  of  the  molecular  arrangement  at  this  crystalline 
fsoe,  one  may  assuna  that  the  amphiphilic  molecules  when  apread  over  the 
solution  adopt  a  tilted  orientation  ao  that  to  foaon  hydrogen  bonded 
dimars  lying  almost  parallel  to  the  surface.  This  arrangement  may  serve 
as  a  matrix  for  the  (401)  oriented  crystal  nucleation  and  is  very 
different  from  the  orientation  of  the  same  molecules  when  spread  cTver 
pure  water. 

Surface  pressure  -  area  isotherm  measurements  diow  a  larger  limiting 
area  per  amphiphilic  molecule  as  Increasing  the  solute  oonoentratlon  of 
the  subphase,  being  ooneistent  with  a  change  in  the  molecular  tilt. 

Further  corroboration  for  this  model  las  been  (Obtained  using  optical 
second  harmonic  generation  (SHS),  a  surface  sensitive  technique  which  can 
detect  the  praeonoe  and  orientation  of  an  anphiphilic  monolayer  at  the 
aix^sciLuticn  Interfaoe.  Our  SHS  ezperimBntB  have  tfioNn  a  drastic 
dlfferenoe  between  the  orientation  of  4-(haKada(9l)-oaq;benzoic  acid  and 
4-(heaad8^1)amin0benzoic  adds  when  apread  on  weter  and  apread  over  the 
HBA  aolutianB,  in  complete  ogroamont  with  the  crystallization 
aagsrimants. 

These  zeeults  dencnstzate  the  potential  lae  of  crystallization 
prooeesee  oombinad  with  SHS  ae  surface  sensitive  tedniquee. 
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HONOLAYSRS  AND  BZLAYXRS  CONTAINING  TBIOLIPIDS 
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D^partement  de  Chlmle  -  ICP  II,  EPFL  Ecublens, 
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For  studying  the  basic  mechanisms  of  many  cellular  signal 
transduction  processes  and  as  well  as  for  adapting  the  bio¬ 
logical  principles  of  signal  transduction  to  bioelectronlc 
devices,  it  is  of  great  importance  to  realize  stable 
supported  lipid  membranes.  For  this  purpose  we  have  synthe¬ 
sized  lipids  carrying  hydrophilic  spacers  of  different 
length  with  a  disulfide  bridge  at  their  (D-posltion  allowing 

the  molecules  to  anchor  on  a  gold  substrate.  The  goal  of 
this  mode  of  attachment  is  to  preserve  a  water  layer  between 
the  support  and  the  membrane  in  order  to  incorporate 
proteins  with  large  extra  membraneous  domains  into  the  bi¬ 
layer. 

The  deposition  of  the  film  was  carried  out  by  self  assembly 
techniques.  Simultaneous  monitoring  of  the  formation  of  the 
layer  by  capacitance  measurements  and  by  plasmon  surface 
polariton  (PSP)  fields  indicates  a  binding  kinetic  with  a 
fast  component  (minutes)  and  a  slow  component  (hours  to 
days).  The  latter  may  be  due  to  sterlc  problems.  The  steady 
state  values  of  both  techniques  are  in  accordance  with  a 
complete  bilayer,  probably  in  the  fluid  state.  After  washing 
with  an  aqueous  n-octyl  glycoside  solution  the  outer  mono- 
layer  of  this  system  can  be  substituted  by  a  conventional 
lipid  layer. 

Characterisation  of  dry  films  on  gold  by  gracing  incidence 
reflection  IR-spectroscopy  showed  a  high  degree  of  order 
within  the  film. 

Mixed  monolayers  of  thioliplds  and  various  lipids  were  in¬ 
vestigated  by  fluorescence  microscopy  on  the  water  surface. 
Furthermore  we  present  first  results  on  the  incorporation  of 
membrane  proteins  into  these  films. 
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EFFECTS  OF  CODMTERIONS 
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Viologens  are  redox-active  compounds  recognized  as 
efficient  promoters  of  electron  transfer  at  interfaces,  e.g. 
electrode  surfaces.  When  derivatized  to  produce  surface-active 
species,  monolayer  techniques  can  be  used  to  demonstrate  various 
electrochemical  effects  during  modulation  of  secondary  factors 
such  as  counterions. 

Monolayers  of  N-methyl-N'-hexadecylviologen  were  prepared 
on  silver  electrode  surfaces,  using  both  the  self-assembly 
technique  and  Langmuir-Blodgett  transfer.  Cyclic  voltammograms 
were  determined  as  a  function  of  the  associated  counteranion, 
and  spectroelectrochemistry  used  to  obtain  Raman  spectra  of  the 
various  species  generated  during  redox  events. 

From  the  results  based  on  spectroelectrochemistry,  it  was 
determined  that  the  counterion  associated  with  the  viologen  had 
a  pronounced  effect  on  the  operative  mechanism  of  enhancement. 
When  strongly  adsorbed  counterions  (e.g.  bromide)  are  present, 
the  viologen  appears  to  be  oriented  nearly  perpendicular  to  the 
surface.  This  indicates  that  only  the  electro^emical  mechanism 
of  enhancement  is  operating.  Monolayer  and  solution  spectra 
were  similar,  differing  only  in  intensity.  In  contrast,  with 
only  weakly  adsorbing  counterions  present,  the  viologen  appears 
to  form  a  strong  complex  with  the  Ag  surface.  The  solution  and 
surface  spectra  differ  radically  and  large  (40  cm*’)  band  shifts 
are  seen.  Analysis  of  these  spectra  suggest  that  the  aromatic 
ring  system  is  parallel  to  the  surface. 

Electrochemical  studies  support  the  conclusions  based  on 
the  Raman  results.  In  addition,  a  splitting  of  peaks  in  cyclic 
voltammograms  was  seen  in  those  systems  having  e.g.  bromide  or 
iodide  counterions.  This  phenmenon  is  attributed  to  reduced 
solubility  of  the  viologen  in  these  systems,  but  also  may  be 
rationalized  in  terms  of  a  theoretical  model  describing  the 
nature  of  one-electron  transfer  peak  splitting.  It  has  been 
predicted  that  no  splitting  should  take  place  with  random 
orientations  of  adsorbed  species,  but  should  be  observed  in 
regular,  close-packed  arrays  such  as  are  present  in  Langmuir- 
Blodgett  transferred  monolayers  or  self-assembled  systems. 

Results  for  systems  prepared  by  adsorption  (self-assembly) 
were  similar  to  those  obtained  from  LB  transfer. 
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GOLD  8ER8  OF  AMPR2FEILZC  8DLFDR  VZ0L06EMS  DDRZNG  ELECTRON 

TRANSFER 

J.-H.  K.  A,  Bunding  Lee^,  R.  A.  Uphaus^  and  T.  M.  Cotton^? 
(1)  Ames  Laboratory,  DOE,  Ames,  lA  50011;  (2)  Research  Division, 
S.  C.  Johnson  emd  Sons,  Racine,  WI  53403;  (3)  Dept,  of 
Chemistry,  Iowa  State  University,  Ames,  lA  50011,  USA 

Surface-enhanced  Raman  scattering  (SERS)  from  appropriate 
metal  surfaces  results  in  an  increase  of  orders  of  magnitude  for 
observed  scattering  intensities,  and  in  favorable  cases 
submonolayer  amounts  of  materials  may  be  detectable.  Although 
silver  surfaces  have  been  the  traditional  choice  for  invoking 
the  SERS  effect,  gold  can  also  produce  SERS  using  appropriate 
red  wavelengths.  To  date,  monolayers  detected  through  gold 
enhancement  have  been  little  studied.  This  report  provides  SERS 
spectra  of  substituted  viologens  idiiich  are  self-assembled  on 
roughened  Au  electrodes,  and  compares  their  spectra  with  those 
of  a  previous  study  of  the  same  confounds  on  Ag  surfaces*  This 
is  evidently  the  first  such  comparative  study  for  self -assembled 
monolayers  on  Au  and  Ag. 

The  compounds  used  were  sulfides  with  the  general 
structure:  [octadecyl]-S-[CH23n-[viologen]-R.  The  values  of  n 
were  5,  7  and  10,  and  R  was  varied  to  make  a  constant  chain 
length  for  the  branch  containing  the  electroactive  viologen 
group.  Thus,  the  viologen  could  assume  various  known  distances 
from  the  metal  because  of  the  variable  number  of  intervening 
methylene  groups,  provided  that  the  chain  is  not  parallel  to  the 
interface.  Electron  transfer  thus  must  take  place  through 
nonconjugated  carbon  bonds  if  the  viologens  are  extended  away 
from  the  surface.  Monolayers  were  formed  on  Au  by  spontaneous 
self-assembly;  it  has  been  previously  shown  that  thiols  with 
long  alkyl  groups  form  dense  monolayers  with  the  sulfur 
interacting  strongly  with  the  Au  surface. 

Using  Au  electrodes,  cyclic  voltammetry  of  monolayers  of 
these  compounds  indicated  highly  efficient  electron  transfer, 
the  kinetics  for  which  was  a  function  of  the  length  of  the 
spacer  methylene  groups.  Spectroelectrochemistry  was  also 
carried  out,  to  detect  SERS  spectra,  on  both  smooth  (original) 
and  roughened  Au  surfaces.  Ro:^)hening  was  effected  by  varying 
the  potential  of  the  Au  electrode  from  4'1.3  v.  to  -0.6  v.  for 
25  cycles,  after  which  ^e  original  surface  color  was  changed 
from  gold  to  coppery  hues.  Self -assembled  monolayers  were  then 
prepared  by  adsorption  from  solution.  Nell-defined  spectra  were 
observed  from  roughened  Au  surfaces,  using  the  647.1  ns  line  of 
a  }crypton-ion  laser.  Spectra  were  observed  for  the  neutral, 
cationic  and  anionic  species.  In  contrast  to  the  previous  study 
on  Ag,  it  was  found  that  the  nature  of  the  counteranion  had 
little  effect  on  the  character  of  the  spectra.  Analysis  of  the 
data  shows  agreement  with  previous  studies  using  Ag,  which 
indicated  that  the  saturated  hydrocarbon  chain  containing  the 
viologen  is  nearly  perpendicular  to  the  metal  surface. 
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SPONTAINEOUS  FORMATION  OF  MULTI-lAYERED  CAST  FILMS  FROM  ORGANIC 
SOLVENTS  USING  NOVEL  FLUOROCARBON  AMPHIPHILES 

Kenji  FuKuta  ,  Yasuo  Itaml  , 

Ryulchi  Shimizu  ,  Toyoki  Kunitake 
Molecular  Architecture  Project,  JRDC, 

Kurume  Research  Park,  Kurume  830,  Japan 

Novel  double-chain  ammonium  amphiphiles,  whose  alkyl  tails  are 
composed  of  fluorocarbon  and  hydrocabon  segments  are  synthesized. 
They  are  used  to  make  multi-bilayer  cast  films  from  water  as  well 
as  from  organic  solvents. 

Newly  synthesized  ai^hiphiles  are  summarized  in  the  Table.  X- 
ray  diffraction  comflrmed  that  most  of  them  can  form  multi- 
bllayer  structures  by  casting  from  water  or  appropriate  organic 
solvents.  Especially,  amphiphiles  that  have  olefin  unit  in  the 
tail  exhibit  higher  solubility  (  dispersibility  )  in  many  organic 
solvents  than  the  others.  They  produce  well-ordered  cast  films 
rather  readily.  By  measuring  x-A  isotherms,  it  is  found  that 
these  amphiphiles  produce  expansion-type  monolayers  on  water. 
These  characteristics  would  be  related  to  their  casting  behavior. 

Among  the  amphiphiles  newly  synthesized,  compound  10  exhibits 
the  best  results.  It  can  form  a  transparent,  self-supporting  film 
even  from  perf luorohexane  solvent.  The  thickness  of  the 
individual  layer  is  seen  to  be  SOOA  or  less,  as  observed  by 
scanning  electron  microscopy. 

The  present  study  broadens  the  scope  of  the  cast  films,  for 
example  as  molecular  templates. 


Table  Newly  synthesized  flucvocarbon  amphiphiles. 


Coapoaad  No. 

Rf 

R. 

R, 

1 

C.F.V- 

•(CI,)m- 

-d,- 

Cl 

Z 

C,Fit” 

-(Cl,),.- 

Br 

3 

C$Fit" 

-(ai,),0(CH,),- 

-(d,)„- 

Br 

4 

C|,F,|" 

-(Cl,),- 

-d,- 

Cl 

S 

Ci,F,i" 

-(Cl,).- 

(d,),.- 

Br 

6 

Ci#Fii' 

-(Cl,).- 

-0-(d,)..- 

Br 

7 

Ci#Fti“ 

-(CI,)m- 

-d,: 

Cl 

8 

Ci*Fii" 

-(CI,)m- 

-(d,),.- 

Br 

9 

Ci#Fii" 

-CI=CI(C8,).- 

-d,- 

Cl 

10 

Ci  #F,i" 

-CI^CKCI,).- 

-(d,).- 

Br 

11 

Ci,F,i“ 

-CI*CI(CI,).- 

-(d,),.- 

Br 

12 

Ci ,F,i" 

-d^CKCI,),- 

-d,- 

Cl 

13 

-(CI,)m- 

-(d,)..- 

Br 

Rf -R,  -OCOCIMCO-Rs  N*  (Cl,)  ,1' 

I 

Rr-R.-0C0(CI,}> 
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BUILDUP  OF  ULTRATHIN  MULTIIAYER  HLMS  BY  A  SELF-ASSEMBLY  PROCESS: 
11.  REPEATED  ALTERNATING  ADSORPTION 
OF  ANIONIC  AND  CATIONIC  POLYELKTROLYTES 


G.  Decher  and  J.  D.  Hong 

Institut  fOr  Physikaiische  Chemie,  Johannes  Ckitenberg-Universitat  Mainz 
Welder  Weg  1 1 ,  D-6500  Mainz,  federal  Reoubllc  of  Germany 


INTRODUCTION 

The  state  die  an  teciUKdogiM  for  the  pfiqtantioa  of 
well  defined  utaithin  filas  in  the  submicron  nme 
are  the  Lan^uir-Blodgett  (LB)  technique  and  setf- 
assembly  (SA)  methods  bas^  on  diemisoiption  [1]. 
Whereas  the  LB-iechnique  retpiires  sophisticated  iqipa* 
ratus  and  is  generally  limited  to  small  film  areas  [2], 
the  SA-methods  are  rather  straightforward  p,4],  but 
have  not  been  employed  for  the  prqMration  of  films 
thicker  than  8  layers  (s  20  nm)  [4],  probabl)  due  to 
the  loss  of  chemical  fiinctionalky.  Similar  limits  ate 


Figure  1.  Illustration  of  the  adsorptbn  process. 
Both  the  solution  structure  of  the  polyelectrolytes  aiM 
their  structure  q/ler  adwrption  are  highly  idolised. 
Step  /  symMises  the  pkysisorptUm  of  an  anionic  poly¬ 
electrolyte  on  a  positively  charged  wface,  thus  revers¬ 
ing  the  surface  charge.  Sup  II  depicts  the  adsorption 
of  a  cationic  polyelectrolyte,  whereby  the  original 
surface  charge  is  restored.  By  repeating  steps  I  and 
Hina  cyclic fa^n,  arty  type  pfsuperUadee,  cominig 
at  least  two  polyelectrolytes,  can  be  prepared. 


encoimteied  in  the  Memdeld  pqidde  lyndiesis.  Our 
approach,  which  was  recently  inteo^kiced  employing 
a  low  molecalar  weight  sysimaP),  avoids  these  limits 
and  extends  the  SA-concqtt  by  using  salt  fiamadon 
as  the  driving  force  for  the  constnictkm  multdayeied 
stqaamolecular  assemblies. 

RESULTS  AND  DISCUSSION 

In  addition  to  the  stqpwise  buildup  rtf  films  using 
charged  tnpolar  amphiphiles  with  a  rigid  core  [5],  the 
process  can  also  be  canieid  out  utilizing  polydectro- 
lytes  1).  Multilayeied  structures  are  prqiaied  by 
simply  d^ing  a  substrate  with  a  positivdy  charged 
sur^  into  an  aqueous  solution  containing  tte  anionic 
ptdydecirolyiB,  then  rinsing  it  widi  clean  water.  This 
way  the  substrate  is  covered  with  one  layer  and  its 
surface  chmge  is  reversed.  The  substrate  is  then 
immersed  in  a  solution  of  the  cationic  polyeiectrolyts, 
thus  adding  a  second  layer  and  restoring  the  original 
surface  charge.  Thicker  films  are  easily  obtained  by 
repeating  steps  I  and  n  in  a  cyclic  fashion. 

As  previously  observed  in  the  case  of  the  adsorption 
of  single  polymeric  layers  [6],  the  adsorption  of  the 
polyelectrolyiBS  d^wnds  rni  time,  concentration  and 
concentration  of  added  sak.  By  UV/Vis-spectroscopy 
we  have  demonstrated  that  at  least  80  polymeric  layers 
cm  be  dqmited  consecutively.  The  constant  film 
thickness  is  further  evidenced  by  the  observation  of 
homogeneous  interference  coIots  when  amino- 
propylated  siliccm  wafers  are  used  as  substrates. 
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Modulrated  Photoregulation  of  Liquid  Crystal  Alignment 
by  Azobenzene  Langmuir-^Blodgett  Layers 

Takahiro  SEKI.  Ryoichi  FUKUDA,  Masako  SAKURAGI,  Yuji  KAWANISHI, 
Yasuzo  SUZUKI,  Takashi  TAMAKI,  and  Kunihiro  ICHIMURA* 

Research  Institute  for  Polymers  and  Textiles, 

1-1-4  Higashi,  Tsukuba,  Ibaraki  305,  Japan 
^Research  Laboratory  of  Resources  Utilization 
Tokyo  Institute  of  Technology, 

4259  Nagatsuta,  Midori-ku,  Yokohama  227,  Japan 


In  recent  years  we  have  been  investigating  reversible 
horaeotropic  ^ parallel  (plar^r)  photochemical  alignment  controls 
of  nematic  liquid  crystals  (LC)  induced  by  highly  photoreactive 
Langmuir-Blodgett  layers  comprised  of  side-chain  type  azobenzene 
(Az)  amphiphilic  polymers. 

This  paper  presents  how  the  preparation  process  of  LB  films 
and  the  way  of  the  light  irradiation  influence  the  LC  alignment 
controls.  In  the  parallel  mode  under  non-polarized  UV 
irradiation,  the  LC  molecules  are  homogeneously  oriented  parallel 
along  the  dipping  direction.  Under  certain  conditions,  polarized 
UV  irradiation  induces  subsequent  rotation  of  the  in-plane 
direction  of  the  homogeneous  LC  alignment.  These  alignment 
modulations  strongly  depend  on  the  molecular  structure  of  Az 
polymers  and  the  number  of  deposition.  Details  on  these  results 
are  reported. 
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LB  FILM  FORMATION  OF  A  NOVEL  AMPHIPHILIC  POLYMER  PAMCibS 

T.  R.  Fang.  G.  F.  Xu»  X.  B.  Zhu,  Z.  Tan,  S.  X.  Xu,  Z.  Y. Jiang 
Changchun  Institute  of  Applied  Cheiistry,  Acadeaia  Sinica, 
Changchun  130022,  The  People's  Republic  of  China 

The  application  of  aaphiphilic  polyiers  in  LB  filn  foraation  has 
attracted  great  attention  in  recent  years.  Poly(2-acrylaiido-hexadecyl- 
sulfonic  acid)  (PAMCibS)  is  a  novel  coib-type  aaphiphilic  polyaer,  each 
repeat  unit  of  vhich  contains  a  hydrophilic  sulfonic  acid  group, an  aaido 
group  and  a  hydrophobic  long  aliphatic  hydrocarbon  chain.  This  paper 
involves  the  foraation  of  LB  filas  of  PAMCibS  by  Langauir-Blodgett  (LB) 
and  self-asseably  (SA)  techniques. 

The  spreading  behaviours  of  PAMCibS  on  the  water-air  interface  have 
been  investigated.  It  is  found  that  PAMCibS  foras  rather  stable 
condensed  solid  filas,  and  that  the  Halting  area  of  PAMCibS  is  strongly 
dependent  on  the  subphase •*  pure  water  results  in  a  larger  area/aonoaei  , 
whereas  the  area/aonoaer  decreases  aarkedly  when  the  subphase  contains 
CaCU  or  CdClz  . 

Ordered  thin  filas  of  PAMCibS  have  been  obtained  on  gold  surfaces 
(clean  gold  and  anodized  gold),  glass,  and  quartz  by  SA  technique.  Vater 
does  not  wet  the  aono layer-covered  gold  surfaces,  indicating  that  the 
filas  are  hydrophobic  with  the  hydrophilic  sulfonic  acid  groups  ajacent 
to  the  aetal  surfaces  and  with  the  hydrocarbon  chains  extended  froa  the 
surfaces.  On  the  other  hand,  filas  on  glass  and  quartz  are  hydrophilic, 
according  to  the  contact  angle  results. 

XPS  and  electrochealcal  analysis  have  further  been  used  to  characte¬ 
rize  the  self-asseabled  aonolayers  on  gold  surfaces. 

The  results  of  XPS  aeasureaents  show  that  the  gold  oxide  layer  of 
the  anodized  gold  surface  has  not  been  coapletely  stripped  during  the 
adsorption  process,  and  has  partly  reacted  with  the  sulfonic  acid  groups 
of  tho  aonolayer  to  fora  gold  sulfonate. 

Electrochealcal  analysis  is  a  sensetive  probe  for  the  aonolayer 
coated  on  an  electrode.  For  the  polyaer-coated  gold  electrodes,  peak 
current  attenuation  and  peak  potential  shift  have  been  found,  especially 
for  the  first  scan.  The  variation  of  peak  currents  and  peak  potentials 
with  scan  nuaber  reveals  that  the  self-asseabled  aonolayers  of  PAMCibS 
exhibit  great  adsorption  stability  during  the  faradaic  reactions,  illus¬ 
trating  the  advantage  of  polyaer  LB  filas  in  potential  applications.  The 
stability  of  PAMCibS  aonolayers  during  the  redox  reactions  aakes  possi¬ 
ble  the  further  sweep-rate  studies.  The  data  of  sweep-rate  studies  show 
that  polyaer  aonolayer  has  not  changed  the  pattern  of  the  redox  reaction, 
except  for  the  reduced  peak  currents  and  shifted  peak  potentials.  The 
resulting  aono layer-covered  gold  surfaces  behave  as  relatively  stable 
blocked  electrodes  containing  pinhole  defects. 
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